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ADVERTISEMENT. 


T HE Committee appointed by the Royal Society to direct the pub- 
lication of the Philoſophical Tranſactions, take this opportunity to- 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in ſeveral former Tranſactiont, that the printing of them was 
always, from time to time, the fingle act of the reſpective Secretaries, till 
the Forty-ſeventh Volume: the Society, as a body, never intereſting them- 
ſelves any further in their publication, than by occaſionally recommending. 
the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of their affairs, the Tranſaftions had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to fatisfy the Public, that their uſual meetings 
| were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of. their: firſt inſtitution by the Royal Charters, 
and which they have ever ſince ſteadily purſued. 

But the Society being of late years greatly inlarged, and their com- 
munications more numerous, it was thought adviſeable, that a Committee 
of their members. ſHould. be appointed to reconſider the papers read be- 
fore them, and ſelect out of them ſuch, as they ſhould judge moſt pro- 
per for publication in. the future Tranſactian,; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and fingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt {till reſt on the 


credit or judgment of their reſpective authors. 
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It is likewiſe neceſſary on this occaſion to remark, that i it is an . 


bliſhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any ſubject, either of Nature or Art, 


© * 


that comes before them. And therefore the thanks, which are fre- 


quently propoſed from the chair, to be given to the authors of ſuch pa- 


pers, as are read at their accuſtomed meetings, or to the perſons through 


whoſe hands they receive them, are. to be conſidered in no other light 

than as a matter of civility, in return for the reſpect ſhewn to the 8 

by thoſe communications. The like alſo is to be ſaid with regard to 
the ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thoſe who 

exhibit them, frequently take the liberty to report, and even to certify 

in the public news- papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here- 
-after be paid to ſuch reports, and public notices ; which in ſome inſtances 
have been too lightly credited, to the diſhonour of the Society, 
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1. An Pa of a a We oman in "the Shire of Roſs 1 
without Food or Drink. By Dr. Mackenzie, -Phy w/ictan 
at New Tarbat. Contmunicated by the Ri igbt Ho nourable 
. Stewart Macken a Lord Privy Seal of * 


3 TO SIR Jonn PRINGLE, BART. f. R. * 


5 IÞ - Hillscizer, 
$18 t Ine % 2796 


e 75 HERE nao the caſe of the faſting 
woman in Roſs-ſhire;. authenticated by . 


Mr.! MAC LEOD the ſheriff, and ſeveral juſtices of the peace 
of that county; that, in caſe you ſhall think it worthy | 
to have a place in the Philoſophical Tranſactions, it may 


be inſerted therein, I am, with great regard, | SIR, | 
Your moſt obedient humble ſervan t, 
J. 8. n CKE NZIE. 


vor. Lyn. D 5 - JANET 
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health, and continued ſo till about four 3 years thereafter, 


"bs MAG LzoD, n gh: ehirey- 


4 three 1 years and ſome months, daughter of DONALD MAC 
- ,LEOD, t tenant᷑ i in Croick, i in the pariſh of Kincardine, : and 
* ſhire of Roſs; in the fifteenth year of her age had a 


pretty ſharp epileptic fit: ſhe had till then been in perfect 


when ſhe had a ſecond fit, which laſted a, whole day and. 
night; and a few days afterwards, ſhe was ſeized with a 
fever of ſeveral weeks. continuance, from. which ſhe had 


a flow and very tedious recovery of ſeveral months. Fay 
During this period ſhe loſt the natural power of her 


eye-lids, was under the neceſſity of keeping them open 


with the fingers of one hand, when. ſhe. had any thing 
to do with the other, went out, or wanted to look about 
her; in every other reſpect ſhe was in health and tolera- 
ble ſpirits, only here it may be fit to remark, that ſhe 
never had the leaſt appearance of the menſes, but peri- 
odically ſpit up blood in pretty large quantities, and at the 
ſame time it flowed from the noſe. This vicarious diſ- 
charge, according to her mother's report, happened re- 
gularly every month for ſeveral years. 

About five years ago, a little before which time the 
abovementioned periodical diſcharge had diſappeared, the 


had a ſhort third epileptic fit, which was immediately ſuc- 
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ceeded by a fever of about a week's continuance, and of 
which ſhe recovered ſo lowly that the had not been out 
of doors till Tix weeks after the criſis; when, without tlie 

| knowledge of her parents or any of the family (who 
were all bufied in the harveſt-field) ſhe ſtole out of the 
houſe, and bound the corn of a ridge before they ob- 
ſerved her. On that ſame evenirig ſhe took to her bed, 
complaining much of her heart and head; and fince, ſhe 
has never riſen out of it except when lifted, has ſeldom 
ſpoken a word, and has had ſo little craving for food, 
that at firſt it was by downright compulſion her parents 
could get her to take as much as would ſupport a fack- 
ing infant: afterwards ſhe gradually fell off from taking 
even that ſmall quantity; inſomuch that, at Whitſun- 
tide 1763, ſhe totally refuſed food and drink, and her jaw 
became ſo faſt locked, that it was with the greateſt diffi- 
culty her father was able with a knife or other methods 
to open her teeth ſo as to admit a little thin gruel or whey, 
and of which fo much generally run out at the corners 
of her mouth, that they could not be ſenſible that any 
of it had been ſwallowed. | 
Much about this time, that is, about four years ago; 
they got a bottle of the water from a noted medicinal 
ſpring in Brea-mar, of which they endeavoured to get 
her to ſwallow a part, by pouring ſome out of a ſpoon 
B 2 between 


* 


been her n (her jaws all the while Stocked but 


till ſome time in the month of July 1765, when a ſiſter 


\h MACKENZIE's Account "of 


it all run out. With this, however, they rubbed her 
throat and jaws, and continued the trial to make her. 
ſwallow, rubbing her throat with the water that run out of 


her mouth for three mornings together. On the third 


morning during this operation, ſhe cried, Give me more 
water; when all that remained of the bottle was given 


her, which ſhe ſwallowed with eaſe. Theſe were the only 


words ſhe ſpoke for almoſt a year, and ſhe continued to 
mutter ſome more (which her parents underſtood) for 
twelve or fourteen days, after which ſhe ſpoke none, and 
rejected, as formerly, all ſorts of nouriſhment and drink, 


of hers thought, by ſome ſigns that ſhe made, that ſhe 
wanted her jaws opened; which her father, not without 
violence, got done, by putting the handle of a horn-ſpoon 
between her teeth. She ſaid then intelligibly, Give me 
a drink; and drank with eaſe, and-all at one draught, 


about an Engliſh pint of water. Her father then aſked 


her, Why fhe would not make ſome ſigns, although ſhe 


could not ſpeak, when ſhe wanted a drink?- She an- 


ſwered, why ſhould” ſhe when ſhe had no deſire. At 
this period they kept the jaws. aſunder with a bit of wood, 
imagining ſhe got her ſpeech by her jaws being opened, 
and continued them thus, wedged for about twenty days, 
| 3 5 though 


a Woman. living without Rood or Drink. _ 

though. in the firſt four or five days ſhe had wholly loſt 
the power of utterance. At laſt they removed the wedge, 
as it gave her uneaſineſs, and made her lips ſore. At 
this time ſhe was ſenſible of every thing done or ſaid 
about her; and when her eye-lids were opened for her, 
ſhe knew every body; and when the neighbours in their 
viſits would be bemoaning her condition, they could ob- 
ſerve a tear ſtand in her eye. atk: 
In ſome of the attempts to open her j Jaws, two of the 
under fore-teeth were forced out; of which opening 
they often ende avoured to avail themſelves, by putting 
ſome thin nouriſhing drink into her mouth ; but without 
effect, for it always returned by the corners; - and, about a 
twelvemonth ago, they thought of thruſtin g a little 
dough of oatmeal through this gap of the teeth, which 
ſhe would retain a few ſeconds, and then return, with 
ſornething like a ſtraining to vomit, without one par- 
ticle going down: nor has the family been ſenſible, 
though obſerving, of any. appearance like that: of 
ſwallowing, for now four years, excepting the ſmall 
draught of Brea-mar water and the Engliſh pint of com- 
mon water; and for the laſt three years ſhe has not had 
any- evacuation by ftool or urine, except that, once or 
twice a week, ſhe has paſſed a few drops of urine, as the 


parents expreſs it, about as much as would wet the ſur- 
face 


6 
face of a half-periniy; 
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and even ſtill as this hind 


it pives her ſome uneafinefs till the voids it: for "oy 
know all her motions, and when they ſee her thus un- 


eaſy, they carry her to the door of the houſe, where the 


makes theſe few drops. Nor have they, in all thefe 
three years, ever diſcovered the ſmalleſt wetting in her 


long bed-ridden, there has never been the leaſt excoria- 
tion, though ſhe never attempts to turn herfelf, or makes 
any motion with hand, head, or foot, but lies like a 1og 
of wood. Her pulfe to-day, which with ſome difficulty 
I felt (her mother at this time having raifed Her, and ſup- 


ported her in her bed) is diftin& and regular, flow, and 


to the extremeſt degree ſmall. Her countenance is clear 


and pretty freſh, her features not disfigured nor ſunk; | 


her ſkin feels natural both as to touch and warmth; and 
to my aſtoniſhment, when I came to examine her body, 
for 1 expected to feel a ſkeleton, I found her breafts 
round, and prominent, like thoſe of a healthy young 


woman; her legs, arms, and thighs, not at all ema- 
ciated; the abdomen ſomewhat tumid, and the muſcles 
- tenſe; her knees bent, and her ham-ſtrings tight as a 
bow-ſtring; her heels almoſt cloſe to the nates. When 
they ſtruggle with her, to put a little water within her 


lips, they obſerve ſometimes a dewy ſoftneſs on her 
Kin; 


bed; in proof of which, notwithſtanding her being {6 


( 
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fkin; ſhe ſleeps much, and very quiet; but when awake 
keeps a conſtant whimpering like a new-born weakly 
infant, and ſometimes makes an effort to cough; At pre- 
ſent no degree of ſtrength can force open her jaws. Þ 
put the point of my little finger into the gap in her teeth, 
and found the tongue, as far as I could reach, ſoft and 
moiſt; as I did. with my other fingers the mouth and: 
cheeks quite to the back teeth. She never can remain 
a moment on her back, but always falls to one fide or to- 
the other; and when her mother ſat behind her in the 
bed, and. ſupported her while I was examining her body, 
her head hung down, with her chin cloſe to her breaſt, 
nor could. I with any force move it backwards, the: 
anterior muſcles. of the neck being rigid, like a perſon. 
in the emproftibetoncs; and in this poſture ſhe conſtantly 
lies. : | 
The above caſe was taken in writing this day, at the 
diſeaſed woman's bed- ſide, from the mouths of her fa- 
ther and mother, who are known. to be people of great 
veracity, and are under no temptation to deceive; for 
they neither aſk, expect, or get any thing: their daugh-- 
ter's ſituation is a very great mortification to them, and. 
univerſally known and regretted by all their neigh- 
 bours. I had along with me, as interpreters /-), Mr. Henry 
Robertſon, a very diſcreet. young gentleman, eldeſt ſon 
(a) The family ſpoke only Erle, L 
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e nittiſter of the” pariſh, "and David Roſs, at us 

Craig of Strath-Carron, their neighbour and one of the 
elders of the pariſh, who verified from his -own know- 
ledge all that is above related. The preſerit fituation and 
_ appearances of the patient were carefully examined this 
2Tſt of October, 1767, by Dr. ALEXANDER MACKENZIE, 
phyſician at New Tarbat; who likewiſe, in the month' 
of October, 177, being informed that the patient was 
recovering and ate and drank, viſited her, and found 
her condition to be as follows: about a year preceding 
this laſt date, her parents one day returning from 
their country labours (having left their daughter as 
for ſome years before fixed to her bed) were greatly 
ſurprized to find her ſitting on her hams, on the fide 
of the houſe oppoſite to her bed-place, ſpinning 
with her mother's diſtaff. I aſked, whether ſhe ever 
ate or drank? whether ſhe had any of the natural 
evacuations? whether ſhe ever ſpoke or attempted to 
ſpeak? And was anſwered, that ſhe ſometimes crumbled a 
bit of oat or barley cake in the palm of her hand, as if to 
feed a chicken; that ſhe put little crumbs of this into the 
gap of her teeth, rolled them about for ſome time in 
her mouth, and then ſucked out of the palm of her hand 

a\little water, whey, or milk; and this once or twice a 


day, and even that by compulſion: that the egg/g were in 
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propontion/to the thai The. never ittanopte@ te 
ſpeak ;- that ber jus warne ſtill faſt-lockech her A 
ſtwings tighu as befre, and her eyes ſhut. ' On my oper 
ing der. epe-lids. I found: the eyecballs turned up under 
the edge of the a roms, hericoartenance.thaftly; Ber 
complexion pale, her ſkin ſhrivelled and dry, and. her 
whote perfon rather emaciated; her pulſe with the ut⸗ 
moſt difficulty to be felt. She. ſeemed ſenſible and 
tractable in every thing, except in taking food; for, at 
my requeſt, ſhe went through her different exerciſes, 
ſpinning on the diſtaff, and crawling about oncher hams, 
by the wall of the houſe, with. the help of her hands: 
but when ſhe was deſired to eat, ſhe ſhewed the greateſt, 
reluctance, and indeed cried before the yielded; and this 
was no more than, as Ihave ſaid, to take a few grumbs as 
to feed a bird, and to ſuck half a ſpoonful of milk from 
the palm of her hand. On the whole, her exiſtence Was 
little leſs wonderful now than when I firſt ſaw her, when 
ſhe had not ſwallowed the ſmalleſt particle of food. for 
years together. I attributed her thinneſs and wan com- | 
plexion, that is the great change of her looks from what 
I had firſt ſeen when fixed to her bed, to her exhauſting 
too much of the ſaliva by ſpinning flax. on the diſtaff, 
and therefore recommended her being totally confined 
to ſpinning wool: this ſhe does with equal dexterity. 
r wh —— <a 
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October, 77a; and -within theſe eight days Thave been 
told by a neighbour of her father's, that ſhe ſtill con- 
tinues in the ſame way, without any addition to her * 
Port, and without any. additional ailment. / 


Now Tunes | w MACKENZ IE. 


4.1 


"At Croick, the fifteenth Day of June, I 77 * 


10 authenticate the hiſtory ſet forth in the preceding 
pages, DONALD Mac LEOD, of Granics eſq. ſheriff depute 
of Roſs-ſhire; GEORGE MUNRO eſq. of Cuteain, SIMON 
Ross eſq: of Gladfield, Captain GEORGE SUTHERLAND of 
Efphin, all juſtices of the peace; Meſſieurs WILLIAM 
SMITH preacherof the goſpel, oN BARCLAay writer in 
Thin, HUGH Ross ftudent of divinity, and ALEXAN=- 
DER MAC-LEOD, did come to this place, accompanied by 
the- above ' Dr. ALEXANDER MACKENZIE Phyſician at 

New Tarbat, and after explainin g the purport and mean- 
ing of the above hiſtory to DONALD MAC LEOD father to 
JANET MAC-LEOD above-mentioned, and to DAVID ROSS 
elder in the pariſh of Kineardin, who lives in the cloſe 
b eee of this place, and was one of the doctor's 


original interpreters; they, to our full ſatisfaction, after 
; a minute 


a Nima bong wirbout Food ur Drink. "x 
a minute examination, authenticate all the facts ſet forth 
in the above account: and, for our further ſatis faction, 
we had JANET MAC LEOD brought out before us to the 
-open. air, when the doctor diſcovered a very great im- 
provement in her looks and health ſince the period of 
his having ſeen her laſt, as now ſhe walked tolerably 
upright, with a little hold by the wall. And notwith- 
ſtanding her age, which, upon inquiry, we found to be | 
exactly as ſet forth in the above account, her counte- . 

nance and looks would have denoted her not to be above 

twenty years of age at moſt. - At preſent, the quantity of 
food ſhe uſes is not above what would be neceflary for 
the ſaſtenance of an infant of two years of age. And we 
do report, from our knowledge of the above men, and 
the circumſtances of the caſe, that full faith and credit 
is to be given to every article of the above hiſtory, 


WILLIAM SMITH © Dod. Me LEOD, SH. DEP, 
JOHN BARCLAY, x. 7). GEO, MUNRO, J. P. 

HUGH ROSS. SIMON ROSS, J. P. 
ALEX. Mͤe LEop. SO. SUTHERLAND, J. r. 
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1 On the Ute fulneſs if wing and un the 3 Wo of 
Tees, 10 promote their Annual Increaſe. In an Ex- 
zrat? of a Letter from Mr. Marſhar to the Lord Bi i/hop 
. — and Wells. acti 


TS 5 H AD for ſeveral years intended to put in 

practice the celebrated. Dr. HALS advice 
of wing with that of Mr. EVELYN of rubbing the 
tem. of a tree, in order to increaſe its growth; but other 
avocations prevented me till the laſt ſpring: when, as 
ſoon as the buds began to {well, Ae ar eB 
from the ground to the beginning of the head; viz. be- 
tween thirteen and fourteen feet in height. This was 
done firſt with. Water, and a ſtiff ſhoe-bruſh, until the 
tree was quite cleared of the moſs and dirt; then I only 
waſhed it with a coarſe flannel. I repeated the waſhing 
three, four, or five times à week, duririg all the dry time 
of the ſpring and the fore- part of the ſummer; but after 


the rains were frequent, I very ſeldom waſhed. The un- 
waſhed tree, whoſe growth I propoſed to compare with 
it, was (at five feet from the ground) before the laſt year's 
increaſe, 3 ft. 7 in. Ssths; and in the autumn, after the 

7 year's 


waſhing and rubbing the Stems of Trees. 13 
year's growth Was compleated, 3 ft. 9 in. th; is. in- 
creaſe 1 in. ths. The waſhed tree was laſt ſpring 3 ft. 
7 in. ths, and in the autumn it was 3 ft. 9 in. Lths; 
vis. increaſe 2 in. ths, that is, - one-tenth of an inch 
above double the increaſe of the unwaſhed tree. As the 
difference was ſo great, and as ſome unknown accident 
might have injured the growth of the unwaſhed tree, I 
added the year's increaſe of five other beeches of the ſame 
age (viz. all that I had meaſured), and found the aggre- 
gate increaſe of the fix unwaſhed beeches tobe gin. 3ths, 
which, divided by fix, gives one inch and five-tenths and. 
an half for the growth of each tree; 1o the gain by waſh- 
ing is nine-tenths and an half. To make the experiment 
fairly, I fixed on two of my largeſt beeches, ſown in. 
1741, and. tranſplanted. into a grove in 1749. The 
waſhed tree had been, from the firſt year, the largeſt 
plant till the year 1767, when its rival became and con- 
tinued the largeſt plant, until I began to waſh the other: 
therefore I fixed on the leſs thriving tree as the faireſt. 
trial. The trees were nearly of the ſame height and: 


{hape, ſpreading a circle of about fifty feet diameter. I 
think it neceſſary to mention theſe circumſtances; for I 
know by experience, that a Thort and ſpreading tree, 
having ample room, will increaſe twice or three times, 
and perhaps four times as much, as a tall ſmall-headed 

tree 
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14 Mr. MARSHAM an the Uefulneſs, Rc 
tree of the ſame age, that ſtands near other trees. Thus 
my waſhed beech increaſed above ſix times as much as 
Mr. DnAx Es beautiful beech at Shardeloes, though that 
tree ſeemed i in good health when I ſaw it in 1759 and 1 
1766. But it increaſed only 2 in. ths in 'thole {even 
years; which may perhaps be owing to its vaſt height, 
being ſeventy-four feet and a half to the boughs (as the 
late knight of the ſhire for Suffolk, Sir jonx nous, told 
me that Mr. DRAKE had informed him) only fix feet and 
four inches round, and having a ſmall head, and little 
room to ſpread. 


Stratton, Oct. 29, 177 5- 
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dnl. Di/coveries on the Sex of Bees, explaining the Manner 


of the Utility that may be derived from thoſe Diſcoveries 
by the atiual Application of them tos Prattice. By Mr. 
John Debraw,. Apothecary to Addenbrook's Hoſpital at 


Cambridge, and Member of an Oeconomical Society in 
the Principality of Liege in Weſtphalia. Commun icated” 


by the Rev. Nevil Maſkebyne, B. NF. R. S: and Aftro- 
uomer N | 


Read' Nov. 21, 


5 HE republic of bees has at all times 


gained univerſal eſteem and admi-- 
ration: their culture; an object ſo worthy of our atten- 


tion, has attracted and ſtill does engage that of many of 
the learned, and Has arrived at a conſiderable degree of 


improvement of late years; but their mode of propa- 
gating their ſpecies ſeems to this day to have baffled the 
ingenuity of ages in their attempts to diſcover it. The 
moſt ſkilful naturaliſts have been ſtrangely miſled in 
heir opinion, that the bees, as well as the other tribes 


of animals, are perpetuated by copulation; though they 
acknowle doe: 


in which their Species. is propagated; with an Account 


. 
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bee was fecundated without copulation; that it was ſuf- 


into conjectures. To introduce a new ſyſtem in the doctrine 
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acknowledge that they 1 have never been able to detect 


tbem in the act. 


PLINY, Who was likewiſe of 5 ſame opinion, that 
in this particular they do not differ from other animals, 
obſerves, ©. Apium coitus viſus eft nanquam.” SWAMMER= 
DAM, that ſagacious obſerver, having never. been able to 
diſcover it, entertained a notion, that the female or queen 


ficient for her to be near the males; that a vivifying aura, 
exhaling from the body of the males, and abſorbed by 
the female, might impregnate her eggs. At laſt the in- 
comparable REAUMUR thought he had in a great mea- 
fure removed the veil, and brought their manner of ge- 
nerating nearly to a proof. This part of phyſics has 
been the principal object of, my reſearches for ſeveral 
years paſt, having been inſenſibly engaged in it by the 
pleaſure I took in ſo curious an inquiry; and although 
this purſuit has been attended with more difficulties and 
embaraſſments than can be well imagined, I have not 
been diſcouraged, and have carefully avoided launching 


of bees, which in a great meaſure contradicts all former 
received opinions, requires, previous to its appearance, 
every ſanction the various experiments, ſucceſsfully re- 
peated, can poſſibly give it. The reſults of thoſe experi- 
| ments, 
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ments, made in glaſe&-hives, which carry with them 
an entire evidence, afford ſufſicient reaſons to aſſert, that: 
bees belong to that claſs of animals among which; al- 
though! they bave fexes, a true copulation. cannot be- 
proved; and that their ov, like the ſpawn of fiſhes, nao?» 
probably owe their fecundation to an impregnatiom from 
the males, as will appear in the ſequel of this narrative. 
Lam not a little pleaſed to find tliat the celebrated A- 
RAL DI had fuch'a notion, and l lament his neglecting to 
confirru it. He ſays, in his Oer vation upon Bees, in the 
Hiſtary of the Academy of Sciences for the year 1712, 
p. 332: Nou rPavins ph dicomurir jiſas d preſent de 
quelle maniere ſe fait cette fôcondation, fi ce dans le corps” 
de la femelle, ou bien fi ce a a maniere des poiſons, apres 
que la femelle a pofe ſes wufs: la matiere blanchdtre dont 
Fœuf en environne au fond de Pakveole pew de temps apres 
/a naifgamce, ſemble conforme d la derniere opinion, ani 
bien que les remarques faites piufeerrrs fois Pun grand 
nombre df qui ſont refles inftconds au fond de Pat» 
veole autour deſquels nous mavons point ui cette matiere. 
© We. never yet were able to diſcover in what manner 
this fecundation is performed; whether it is inthe body 
* of the female, or whether it is after the manner of 
« fiſhes, after the female or queentbee has depoſited 
© her eggs: that liquid whitiſh ſubſtance, with which 
Vo L. LXVII. D « each 
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| © each egg is ſurrounded at the bottom of the cell Aa 
« little while after its being laid, ſeemingly eſtabliſhing 
« this laſt opinion, as well as the frequent remarks made 
« of a great number of eggs remaining barren in the cell, 
« round which we could not ſee = —— 
9 * whitiſh ſubſtance.” 

This ingenious naturaliſt, by a nice examination of 
the ſtructure of the drones, had, as well as &8WAMMER= 
DAM, diſcovered ſome reſemblances to the male organs 
of generation; and from thence conjectured, they were 
the males of the bee - inſect; but he owns, with the reſt, 
that he never could „ em! in the act of oh 
lation. = 

Having ſtood the trials of FS we prying e 
every age, the bees, as has been obſerved by an ingenious 
author, had gained the character of an inviolable chaſtity, 
till xxauxun blaſted their reputation. He makes the 
queen no better than a MESSALINA-); though he could 
ſee no more than what would raiſe a mere jealouſy or 
generate ſuſpicions. | 

In order to be the better underſtood i in the relation of 
my own experiments on the fecundation of bees, I here 
premiſe theoutlines of the opinions adopted by the above- 
mentioned naturaliſts on that head. They aſſert that the 


Ot 


[a] Vid. JUYENAL, Sat. vi. ver. 128. 
queen 
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queen is the only female in the hive, and the mother of 
the next generation; that the drones are, the males 
by which ſhe is fecundated; and that the working 
bees, or bees that collect wax on the flowers, that knead 
it and form from it the combs and cells which they _ 
wards fill with honey, are of neither ſen. 
But of late Mr. schixAch, a German naturaliſt, — 
given us a very different view of the claſſes that conſti- 
tute the republic of bees, in an ingenious publication in 
his on language, under the title of The Natural Hiſtory 
of the Queen of the-Bees, which has been fince tranſlated. 
into French; an account of which has been given in the 
Monthly Review, from which I beg leave to relate the 
author's doctrine with regard to the working-bees only; 
the quality and functions of the drones being points 
which do not appear to be yet ſettled by Mr. SCHIRACH 
BE himſelf; He affirms, that all the common bees are females 
| ff in diqguiſe, in which the organs that diſtinguiſh the ſex, 
and particularly the ovaria, are obliterated, or at leaſt, 
through their exceſſive minuteneſs, have not yet been 
obſerved : that every one of thoſe bees in the earlier pe- 
riod of its exiſtence is capable of becoming a queen- bee, 
if the whole community ſhould think proper to nurſe it 
in a particular manner, and raiſe it to that rank. In 
| _ OO . - ſhort, 
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ſhort, that the-queen«bee- lays only two kinds of eggs; 
bo: ws 6 ISO „ 
which the working bees are to proceed. E e 
The trials made by Mr. 8CHIRACH * w erince the 
truth of his concluſions in the moſt ſatisfactory manner, 
fingular as they appear to be at firſt fight; and indeed 
im my own judgement, from the conſtant happy reſult 
of my numerous experiments, which I began near two 
years before Mr. schinAen's publication, and repeated 
22. -orernememence 
reality. | | , 
— beftieded rae in thas difdcoweey, whilſt 
I was moſt anxiouſly endeavouring to aſcertain the uſe of 
drones: Ie was in the ſpring of the year-x7 70, that 1 fer 
the firſt time diſcovered what MARALD1- had only con- 


jectured, 1 mean the impregnation of the eggs by the 
males, and that I was made acquainted with the difference | 


of fize in the drones or males. obſerved by MARAanDr in His 


Obſervations por Bees, inſertedinthe Hiſtory of the Royal 


o 333. * 
wonds :- 


Nou auon . a eee 
bourdons, beaucoup plus petits que cum que nos aviens 


remarque auparavant, et qui ne furpaſſent point la gran 


deur des petites abeillet; de ſorte qu'il wauroit pas et aife , 


de 


en the . . at 
de tes diflinguer dans cette-Puthe dt auler or inaires, fans 
E grand nombre que nous y en u n mod. I fe porrrolt = 
bien faire que dans les ruches on Fon M fas trouus d gros 
hourdons, il y ex cut de ces petiti, tt quih y nem tit cum 
fondus avec bt refle des abeilles, hn, owt ne faviens 
pas encore qui y en et de cette tale. We have of 
« late found a great quantity of drones much aller 
« than thoſe we had formerly obſerved; and which do not 
« exceed in fize the common bees; fo that it would not 
have been eafy to diſtinguiſh them in that hive from 
the common bees, had not the quantity of them been 
very conſiderable. It might certainly have happened 
« that in thoſe hives, where we have not been ahle 
« difcover large drones, there were a great number of 
4 thofe little ones, which may have been interinixed: 
among common bees when we were yet ignorant that 
10 any ſuch final drones were exifting.” 
'  REXUMURK hintelf, p. 59. of his Natural Hiſtory of 
Inſects, ſays, Me ave Rxewiſe found drones that were 
© no bigger than the common bees. 

They have notwithftanding eſcaped the obſervation 
of Mr. $SCHIRACH, and of his friend Mr. HxTTORF mem- 
ber of an Academy in Luſatia, who, in a memoir he 
preſented in the year 1769, annihilates entireiy the 
ule of drones in a hive; and advances this fingular 

opinion, 
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. ater: | 
opinie, chat dhe Gen bee af a hive lays eggs which 


peopled at a time of the year when there are no, drones 


the difference in the ſize of them juſtifying my remark. 


watched my glaſs-hives ci) with indefatigable attention 


time the eggs are placed in the cells, that a great number 


produce younganesy without having any comm 
with thedrones. For what purpoſe ſhould wiſenature then 
have furnifhed the drones with. that large quantity of 
ſeminal liquor? To what uſe ſo large an apparatus of fe- 
cundating organs, wo well deſcribed. by REAUMUR.- and, 
MARALDI? Melli nend r 

But I beg 5 * e 1 * to 
— drawn too haſty concluſions from their experiments, 
in rejecting the drones as hearing no ſhare in the propaga- 
tion of thoſe inſects. Their obſervations, that hives are 


in being, is no ways concluſive; as it is evident, that they 
had ſeen none but drones of a large ſize, their filence on 


But to reſume the narrative of my experiments: I had 


from the moment the bees, among which Lhad taken care 
to leave a large number of drones, were put into them, 
to the time of the queen laying her eggs, which gene- 
rally happens the fourth or fifth day. I obſerved the 
firſt or ſecond day (always before the third) from the 


(b) Glaſs-hives were uſed in preference to boxes, for a purpoſe too obvious to 
need explaining. | f 


of 


its birth. 
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of bees, faſtening themſelves to one another „dung down 
in the form of a curtain from the top to the bottom of che 
hive, in a fimilar manner they had done before at the 
time the queen depoſited her eggs; an operation which 
(if we may conjecture at the inſtincts of inſets) ſeems | 
contrived to hide what is tranſacting: be that as it will, 
it anſwered the purpoſe of informing me that ſome- 
thing was going forward. In fact, I preſently after per- 
ceived ſeveral bees, the ſize of which through this thick 
veil (if I may fo expreſs myſelf) I could not rightly dif- 
tinguiſh, inſerting the poſterior part of their bodies each 
into a cell, and ſinking into it, where they continued but 
a little while. After they had retired, I ſaw plainly with 
the naked eye a ſmall quantity of a whitiſh liquor left in 
the angle of the baſis of each cell, containing an egg: it 
was leſs liquid than honey, and had no ſweet taſte at all. 
Within a day after, I found this liquor abſorbed into the 
embrio, which on the fourth day is converted into a ſmall 
worm, to which the working-bees bring a little honey 
for nouriſhment, during the firſt eight or ten days after 
After that time they ceaſe to feed them; for 
they ſhut up the cells, where theſe embrios continue in- 
cloſed for ten days more, during which time they un- 
dergo various changes too tedious here to deſcribe. 


To 
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thah W. $885 349 fecundated by che males, and that their 

meſence is neceſſary ad the tame of breeding, 1 proceeded 
to the next experiments. They conkitet in leaving in a 
Dive the queen with only the common bees, without any 
_ drones, to ſee-whather the eggs the laid would be pro- 
lific. I accosdingly took. a ſwarm, ſhook all the bees 
into a tub of water, and. left them in it till they were 
quite ſenſeleſs, Which, geve me an opportunity to diſ- 
tinguiſh the drones without any danger of being ſfung. 
After I had recovered the working · bees and their queen 
from the ftate they were in, by ſpreading. them on 
brown. paper in the fun, I replaced them in a glaſs-hive, 
Where they foon began to werk as uſual; the queen 
laid eggs, which I little ſuſpected to he impregnated, 
as I thought I had ſeparated all the drones or males, and 
therefore omitted watching the bees; but at the end of 
twenty days (the uſual time of-their hatching) I found 
to my ſurprize ſome of the eggs hatched into bees, others 
withered away, and ſeveralof them covered with honey. 
I immediately inferred that ſome of the- males, having. 
eſcaped my notice, had impregnated only part of the 
eggs; but, in order to convince myſelf of the truth of 
my f uppoſition, I thought it neceſſary to take away all 
the brood-comb that was in the hive, in order to oblige 
3 the 
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the bees 0 propide A. freſh Fe. bein Ng fully deter: = 
mined to watch narrowly their motions after new egg? | 
ſhould. be depoſited in the cells. This was done accord” 
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ingly, and at laſt, the myſtery Was unravelled. On the 


421: IF? 


ſecond day after the eggs were placed i in the cells, 1 per- 


ceived the ſame operation which 1 have related i in a for- 
mer experiment; I mean, the bees hung down in the 
form of a curtain, While ethers thruſt the poſterior part 
of their body. into the cells: 1 then introduced my hand 
into the hive, broke off a piece, of the comb containing 
two of thoſe inſets, and kept them for examination. 1 
found in neither of them any ting (a circumſtance pe- 
culiar to drones only) and upon diſſection, by the help of 
a POLLOND'S microſcope, diſcovered in them the four cy- 
lindrical bodies, which contain the glutinous liquor of a 
whitiſh colour, obſerved by MARALDI in the large drones. 

Having till then never obſerved any difference in the 
ſize of drones, I immediately peruſed the Memoirs on 
Bees publiſhed by Meff. MARALDI, and REAUMUR, and 
found that they had remarked it frequently. I have in- 
ſerted in a preceding Page the ſubſtance of their obſerva- 
tions on that head, as taken from their writings. The 
reaſon of that difference muſt doubt be placed amon gſt 


other arcana of nature. I found myſelf therefore under 


a neceſſity in my next experiments to be more particular 
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in deſtroying the miles, « even thoſe which r wo ſaſ- 


| pected to be ſuch. | * 


I once more rden all the fame bees W WAT and, 
when they appeared to be ! in a ſenſeleſs ſtate, T gently 
prefſed every one of them between my fingers, in order 
to diſtinguiſh | thofe armed with ſtings from thoſe . that 
had none, which laſt I might ſuſpett t to ve males. "Of 


bees, yielding a little whitiſh liquor on being preſſed be- 
tween the fingers. I killed every one, and replaced the 
ſwarm i in a glaſs-hive, where they immediately applied 
again to the work of making cells; and on the fourth 
or fifth day, very early in the morning, I had the plea- 
ſure to ſee the queen-bee depoſiting her eggs in thoſe 
cells, which ſhe did by placing the poſterior part of her 
body in each: of them. I continued on' the watch moſt 
part of the enſuing days, but could diſcover nothin 8 of 
what I had ſeen before. | 
The eggs, after the fourth day, inſtead of. — in 

the manner of caterpillars, were found in the fame ſtate 
they were in the firſt day, except that ſome of them were 
covered with honey. But a very ſingular event happened 
the next day about noon: all the bees left their own hive, 
and were ſeen attempting to get into a neighbouring com- 
mon hive, on the ſtool of which I found their queen dead, 

3 — having 
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having no doubt been ſlain; in the engagement. The 
manner in which I account for this event is as follows: 
the great deſire of perpetuating their ſpecies, which is 
moſt obſervable in theſe infects, and to which end the 
concurrence of the males ſeems ſo abſolutely neceſſary, 
made them deſert their on habitation where no males 
were left, in order to fix their reſidence in a ne one, in 
which, there being a good ſtock of males, they might the 
better accompliſh their purpoſe. If this does not yet 
eftabliſh the reader's faith of the neceſſity of the males 
bearing a ſhare in the fecundation of the ova, the next 
experiment cannot I preſume fail to convince him. 

took the brood-comb which; as Iobſerved before, Had 
not been impregnated; I divided it into two parts; one I 
placed under a glaſs-bell N* x. with honey- comb for the 
bees? food; I took care to leave a queen, but no drones, 
among the common bees Iconfined in it. The other 2 
of brood- comb I placed under another glaſs-bell N* 
with a few ,drones, a queen, and a number of common 
bees proportioned to the ſize of the glaſs; the reſt I diſ- 
poſed of as before. The reſult was, that in the glaſs N* 
1. no impregnation happened; the eggs remained in the 
ſame ſtate they were in when put into the glaſs; and, 
upon giving the bees their liberty on the ſeventh day, 
they all flew away, as was found to be the caſe in the for- 
E 2 mer 
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mer experiment: whereas in the glaſs N“ . I faw, the 


veryday after the bees had been put under it, the-impreg- 
nation of the eggs by the-drones in every cell containing 
eggs; the bees · did not leave their hive. on receiving their 
liberty; and, in the courſe of twenty days, every egg un- 
derwent all the above-mentioned neceſſary changes, and 
formed a pretty numerous young colony, in which I was 
not a little ſtartled to find two queens. 
Fully ſatisfied concerning the impregnation of the e eggs 
by the males, I deſiſted for the preſent from any further 
experiments on that head, being exceedingly anxious. to. 
endeavour to account for the preſence of this new queen. 
I conjectured. that either two queens, inſtead of one, 
muſt have been left among the bees IL had placed under 
that glaſs; or elſe that the bees could, by ſome particular 
means of their own, transform. a common ſubject into a 
queen. 4. 
In order to put this to the teſt, I repeated the experi- 
ment with ſome variation. I. got. four glaſs-hives blown 
flat, which I thought preferable to the bell ſnaped ones 


had uſed before, as I could with thoſe better examine 


what was going forward. I. took a large brood-comb 
from an old hive, and, after having divided it into ſeveral 
pieces, I put ſome of them, containing eggs, worms, and 
nymphs, with. food, VIS. — &c. under each of the 

glaſſes; 
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glaſſes; and confined within each a ſufficient ker of 
common bees, among which I left ſome Fg, but took 
care that there ſhould be no queen. 

The bees finding themſelves without a queen, made a: 
ſtrange buzzing noiſe, which laſted near two days; at the 
end of which they ſettled and betook themſelves towork :: 
on the fourth day I perceived in each hive the beginnin g 
of a royal cell, a certain indication that one of the incloſed 
worms would ſoon be converted into a queen. The con- 
ſtruction of the royal cell being nearly accompliſhed, I. 
ventured to leave an opening for the bees to get out, and 
found that they returned as regularly as they do in com- 
mon hives, and ſhewed no inclination to deſert their ha- 
bitation. But, to be brief, at the end of twenty days, I ob- 
ſerved four young queens among the new progeny.. ” 

On relating the reſult of theſe experiments to a 
member of this univerſity, well converſant in the na- 
tural hiſtory of bees, he deemed it neceſſary, that they 
ſhould. be repeated, in order the better to eſtabliſh the 
truth of a fact ſeemingly ſo improbable, that the eggs 
deſtined by nature to produce neutral or common bees, 
ſhould be transformed into females or queens. He ſtarted 
an objection to me, which by the publication of Mr. 
SCHIRACH appearing a little time after, ſeems. to have. 


been pointed out to that author alſo by Mr. WITHELM1, , 
"iis: 
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his brother-in-law, namely, that the queen- bee of a hive, 
beſides the eggs which ſhe depoſits in the royal cells, 


might alſo have laid royal or female eggs either in the 


common cells, or indiſcriminately throughout the dif- 
ferent parts of the hive. He further ſuppoſed, that in the 


pieces of brood - comb, which had been ſucceſsfully em- 
ployed in the laſt experiments for the production of a 


queen, it had conſtantly happened, that one or more of 
theſe royal eggs, or rather the worms proceeding from 
them, had been contained. 

But the force of his objection was removed ſoon after 
by the ſame ſucceſs having attended a number of other 
experiments which I fince made, an account of which 
would take up too much room here; and this gentleman, 
together with Mr. SCHIRACH's brother-in-law, was at laſt 


brought to admit, that the working-bees are inveſted with 


a power of raiſing a common ſubject to the throne, when 
the community ſtands in need of a queen; and that ac- 
cordingly every worm of the hive is capable, under cer- 
tain circumſtances, of hecoming the mother of a genera- 
tion: that it owes its metamorphoſis into a queen, partly 
to the extraordinary ſize of the cell, and its particular 
poſition in it; but principally to a certain nouriſnment 
appropriated to the occaſion, and carefully adminiſtered 
to it by the working- bees while it is in the worm-ſtate, 

| by 


by which, and pollbly other means as 550 unknown, the 
developement and expanſion of the germ of the female 


organs, previouſly exiſting in the embryos, is effected, 
and thoſe differences in its form and ſize are produced, 


from the common working-bees. And finally it appears 
evident, from the experiments made. by Mr. SCHIRACH' 
and myſelf, that the received opinion, that the queen lays 
a particular kind of eggs, appropriated to the production 
of other queens, is erroneous.. I am not a little flattered 
with the fimilarity of my diſcoveries with thoſe of the: 
ingenious German naturaliſt, in proving the ſex of the 
common bees; although we ſo widely differ in what re- 
lates to the uſe of the males, whom, as we have ſeen be- 
fore, he imagines to be quite uſeleſs. Lam alſo not a little 
pleaſed to find, that our experiments on the production 
of a queen from a common embryo agree ſo well. 
I ſhall now beg leave to point out the advantage that 
may accrue to. the public from theſe obſerv ations, 


which is that of forming artificial ſwarms or new-co-- 
lonies; or in other words, of furniſhing the means to- 
bring on a numerous increaſe of thoſe uſeful infects: an 
object of ſome importance to this kingdom, as being 
the only means to prevent the annual exportation of con-- 
fiderable ſums in the purchaſe. of wax, a great quantity 

of 


which afterwards ſo remarkably diſtinguiſh the queen | 
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of which i is loſt every ſeafon for want of — up a 
ſufficient ſtock of bees to collect it. J 
The practice of this new art, Mr. scHIRacm' tells us, 
has already extended itſelf through Upper Luſatia, the 
Palatinate, Bohemia, Bavaria, Sileſia, and even in Poland. 
In ſome of thoſe countries it has excited the attention 
and patronage of government; and even the Empreſs of 
i Ruſſia has thought it of ſuch importance, that ſhe has 
= ſent a perſon to Klein Bautzen, to be inſtructed in the 
general principles, and learn all the minuthe of this new 
© The narrow limits of this paper do not permit me 
here to give an account of Mr. 8CHIRACH's ingenious ob- 
ſerv ations. I beg leave to refer the curious reader to the 
work itſelf, which, with the reviewers, I wiſh was tranſ- 
lated into the Engliſh language, as it contains many par- 
ticulars highly deſerving the notice of the ſpeculative 
naturaliſt, as well as of thoſe who cultivate bees either 8 
for profit or amuſement. N | < 
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IV. 4# Account of a Portrait of Copernicus, preſented 10 
the Royal Society by Dr. Wolf of Dantzick: e 
 tradted from a Letter of his ta Mr. Magellan, F. R. S. 


DEAR SIR, | \ Dantzick, 


| April 7, 1776s 
Read "= 7. HE captain * will deliver this to you, 
1770. 


will alſo put into your hands a copy of 
an original portrait of the famous coPERNICUs, which L 
beg you will preſent to the Royal Society, as a teſtimony 
of my devotion and attachment to that reſpectable body. 
The original, from which it is copied with the greateſt 
accuracy, is in the poſſeſſion of the Chamberlain Hus- 
nnn. 
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Avis touchant un We de Copernic, preſents 2 la Societs 
Royale, fe. M. le Dr. Wolf de Danzic : extrait d une Lettre 
du dit Dr. d M. de Magellan, Membre de la Soc. R. 


Monſieur et très cher ami, Danzic, le 7 Avril, 1776. 

| By capitaine qui vous delivrera celle- ci, vous apportera en meme tems la 
copie d'un portrait du fameux CoPERNIE, que je vous prie de preſenter 

a votre illuſtre Societe Royale, comme un temoignage de mon devyoucment et 
reſpe& pour cet illuſtre Corps. Le poſſeſſeur de Poriginal, dont le portrait fut 


copis avec la plus grand attention, eſt M. le Chambellan nuss AAZ WSK I. II a 
Vor. LXVII. F deja 
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-SARZEWSKT, Who has already refuſed one hundred ducats 
for it, and will not part with it at any rate during his life, 
but intends to bequeath it me after his death; for which 
teaſon there is no probability of my ever poſſeſſing 
it, as he is likely to ſurvive me many years. We 
have a portrait of coPERNICUS in the great church at 
Thorn in a kind of mauſoleum, erected about thirty 
years after the death of that great man, by a phyſician 
of that town, who is ſaid to have been one of his relations. 
Hr Noen has inſerted a- print taken from this por- 
trait in kis Chronicles of Pruſſia. Ohr original has been 
compared with that of the mauſoleum, and the features 
of the face are found to be perfectly ſimilar, but there is 
a great difference in the dreſs. That at Thorn repreſents 
him kneeling before an altar, in the attitude of a prieſt 
officiating; in ours he is cloathed in fur, with his hair 
more 


deja refuſe 100 ducats, et ne le cedera pas ſa vie durant pour aucun prix : mais 
il me le veut leguer apres ſa morte. C'eſt à dire tres: probablement apres la 
al mienne: de forte qu'il n'y a rien à efperer de ce cotẽ- ci. Nous avons un por- 
4: | trait de COPERNIC. dans la grande Egliſe de Thorn, dans une eſpece de 
4: manſolee, erige une trentaine dannees apres la mort de cet homme celebre, par 
i un médecin de la ville, qu'on dit avoir ẽtẽ un de ſes parents. 
+ HARTKNOCH a fait graver ce portrait, et Pa inſerẽ dans fa Chronique de la 
1 Pruſſe. Notre original a ẽtẽ compare ſur le lieu avec celui du mauſolee, et on 
| a trouve les traits du viſage abſolument les memes: mais Phabillement eſt tres 
* different. Celui de Thorn le repreſente devant Pautcl en fonction de pretre, 
14 2 ä | den 


Partrait of corrRNI us. 
more carefully dreſſed, and as it were in a habit of 
ceremony. The painter of it was certainly one of the 
old Italians, as will appear by comparing it with other 
works of thoſe maſters; for inſtance, it is known | 
that the painters of thoſe times, and even RAPHAEL, 
never gave to the eyes that brightneſs which the moſt 
indifferent artiſts within this century never fail to exprets 
in their portraits: not but what the ſerene and ſeemingly 
inanimated countenances of the former artiſts came 
nearer to nature than the ſparkling eyes which are now 
all the faſhion. This however is a proof that the por- 
trait is at leaſt one hundred and fifty years old; the in- 
ſcription ſhews that the painter was an Italian; and it 
muſt further be obſerved, that it is now two centuries 
ſince they left off painting on wood, 


The 
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Dans le notre il eſt habille en pelifſe, avec les cheveux de la tete plus ſoigneuſe- 
ment arranges et counts, comme en habit de parade, Le pinceau eſt ſirement 
Italien du vieux tems en queſtion, comme on trouvera en regardant d'autres 
de ce tems et les comparant avec celui-ei. Par exemple, on fait que les pein- 
tres dans ce vieux tems, meme RAPHAEL, ne ſavoĩent pas encore donner aux yeux 
cette vivacite, que le plus mediocre peintre depuis plus un fiecle, ne manque 
pas de donner a ſes peintures. Je ne dis pas que les vieux peintres n'approchent 
pas plus de la nature avec leurs yeux tranquiles fans feu; mais ils deplaifent à 

notre ſiecle, qui ne veut que des yeux petillants. Au moins Ceft la marque 
d'une anciennete plus grande qu'un ſiecle et demi. T inſcription fait voir 
que le peintre ctoit Italien. Il y a deux fiecles qu'on a ceſſẽ de peindre fur du 
bois. 
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The hiſtory of this portrait is ab Follows.” At was-for« 
merly i in the collection of Saxe Gotha, where it was ak 
ways conſidered as an original, Which is even ſaid to ap- 
pear from the archives of that court, and is the more 
probable, as the prince-biſhop of Warmia, who obtained 

it from the late duke of Saxe Gotha, was too good a con- 
nsoiſſeur and too cautious. to be deceived in this reſpect. 
That biſhop being at Gotha in the year 1735, obſerved 
this. portrait in the gallery of that palace; the proofs that 
were produced of its authenticity made him very deſirous 
to acquire it. He at length obtained it by a kind of theft 
which it was. neceflary to commit on the cathedral. of 
Warmia, in which there was a. very. old. portrait of one 
-of the anceſtors of the dukes of Saxe Gotha, who had 
been biſhop of that ſee, and whoſe picture was wanting 
| in 
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L' hiſtoĩre de notre original eſt. la ſuivante. II a ẽtẽ conſervẽ dans la collee- 
tion des ducs de Saxe Getha, dans le chateau du meme nom, toujours avoue 
comme un veritable original: on pretend meme prouve comme tel par les 

archives ; ce qui eſt fort croyable, vũ. que le prince eveque de Warmie, qui Pa. 

obtenũ du duc defunt, etoit trop circonſpect et trop bon connoiſſeur pour s'en 
laiſſer impoſer. Enfin c'eſt apres-les paroles du prince eveque, que je fais cette 
aſſertion. Ce fut environ Pannee 1735 qu? etant à Gotha, il remarqua ce 
portrait dans la gallerie du due. Les preuves qu'on lui fit de fon authenticite, 
augmenterent ſon envie de le poſſeder. I! Pobtint enfin par un vol qu'il fallut 
faire a la Cathedrale de Warmie, ou ſe trouvoit un tres ancien portrait dun des 
ancetres du duc de Saxe Gotha, qui etoit jadis eveque de Warmie, et dont le 
portrait manquoit dans la collection des portraits de fa famille. On fit donc un 


echange 
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* v Portrait of orales. | ” 
in the duke's collection of the portraits of his family. 
An exchange was accordingly made of the two originals, 
and the biſhop has ſince bequeathed that of copERNIcus 
to his favourite Mr. Huss ARZEKWSkI. 

The copy I herewith ſend you is very exact in every 
reſpect, except that I have glued three wooden liſts on 
the back of the board to prevent its warping. After my 
copy was taken, the proprietor of the original thought 
proper to have it repaired and varniſhed, and they are 
now ſo, much alike that it is ſcarce poſſible to diſcern any 
difference. The name of my painter is LORMAN of Ber- 
lin, an artift of ſome reputation. 
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«change des deux originaux. Le prince eveque ABO WSK I enfin a laiſſẽ celui 
de COPERNIC à ſon favori M. HUSSARZEWSKI, 

La copie eſt abſolument la meme que Poriginal : excepte que Jai fait coller 
trois regles ſur le-derriere de la table pour empecher ſon courbiſſement. De- 
puis que ma copie a ẽtẽ tirce, M. HUSSARZEWSKI, crolant bien faire, a fait 
renouveller ſon original, eſt à dire, y mettre du vernis : et actuellement il eft 
fi bien le meme que la copie, qu'on peut a peine 8'apperceyoir de la moindre: 
difference. Mon peintre eſt M. Lon MAx de Berlin, aſſez cẽlebre dans fon art. 
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v. An Account of a Journey into Africa from tbe Cape 
of Good-Hope, and a Deſcription of @ new Species of 
Cuckow. By Dr. Andreas Sparrman, of the Royal Aca- 

demy of Stockholm, in a Leiter ta Dr. John Reinhold 

— F. R. S. 


Gottenburg, 
Sept. 16; 1776. 


E ING returned to my native country 

after an abſence of five years from it, 
I will endeavour to give you a ſhort account of my expe- 
dition into Africa, which I undertook ſoon after parting 
with you at the Cape of Good-Hope. The voyage round 
the world, of which I ſhared the perils and pleaſures 
with you, had only made me more eager to continue my 
rambles in queſt of new diſcoveries. I ſet out therefore 
from the neighbourhood of the Cape-town in the be- 
ginning of Auguſt 1775, with no other company than 
the ſon of the Dutch lieutenant EMELMAN, who had 
formerly accompanied my learned friend Dr. THUNBERG 
on a ſimilar journey, and ſome Hottentots who took care 
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of my oxen, 
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The firſt mis fortune I met with was the loſs of the 
thermometer which you had leſt me, and which broke 
before I had reached the hot-baths. This was only a 
prelude to greater diftrefles. The drought was fo violent 
this year, that the. like had not been experienced in the 


colony within the memory of man, and it obliged the 
inhabitants to leave-their country-ſeats. A great part of 
their cattle periſhed for want of graſs and water, and 1 
have frequently ſuffered the moſt raging thirſt in the 
hot deſarts which I traverſed; but I was too well ſeaſoned. 
during the voyage to dread the hardſhips of a ſcanty 
fubſiſtence, the fatigues of travelling, or the power of 
the climate. The moſt ſenſible misfortune which the 


dry ſeaſon brought along with it, was the deſolation of 


the vegetable kingdom. Far from being ſo fortunate as 
Dr. THUNBERG, who has added above a thouſand ſpecies 
to the Flora Capenſis, 1 found every thing burnt up, and 
only in the thickeſt foreſts met with ſome perennial. 
plants which were new to me, and which, upon a reviſal 
of that gentleman's herbal, I believe are likewiſe un- 
known to him. Of theſe I propole to ſend you ſpeci- 
mens as ſoon as I can find time to bring my collection 
into ſome kind of order. On the other hand, I have 
been fortunate with animals, and eſpecially in the claſs 


of quadrupeds. Lſhall not ſpeak of lions and other beaſts 
of 


Dr. $PARRMAN's Account of | 
of prey, which I have frequently ſeen in broad day-light, 
and heard roaring about me at night, though they never 
ventured to attack our cattle. But it was chiefly among 
the antelopes and animals of that ſort that I hunted, 
Mr. EMELMAN and myſelf, with nine hottentots, a wag- 
gon drawn by ſeveral pairs of oxen, and feveral hunting 
Horſes, happily traverſed a deſart of fifty miles, where 
we had greater ſport than any German prince could ever 
boaſt of. On that route 1 penetrated farther into the 
country than any of my predeceſſors, having gone one 
hundred miles beyond the laſt Chriſtian's or Dutchman's 
hut, into the diſtrict of the Yellow or (as 2 are 2 
called) Chineſe Hottentots. 

The great buffaloes which inhabit the wilds of Africa 
do not appear to me to differ in any reſpect fromthe North 
American Biſon, although I have ſeen great numbers of 
them, I have likewiſe found a ſpecies of pole-cat on that 
continent which LIN Næus calls Viverra Putorius, con- 
trary to M. DE BUFFON's opinion, who ſeems to confine 
this animal and its ſpecies to America. By the ſea-fide I 

was fortunate enough to catch a Manatee alive, notwith- 
ſtanding the difficulty which muſt attend the capture of 
ſuch an unweildy animal. There I likewiſe ſaw ſome 
Hands, on which I was told an Englith ſhip had been 
loſt. Theſe I ſuſpected at firſt to be the Daddingtons; but 
afterwards 
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afterwards had reaſon to doubt it, thoſe iſlands being 8 


ſuppoſed to lie in a more ſoutherly latitude. 


I have had opportunities of making many curious and 


valuable Obſervations relative to the different tribes of 
Hottentots, their oeconomy, hunting- m atches, and other 
cuſtoms; an account of which, together with ſome re- 


marks on the natural hiſtory of the elephant, the rhino- 


ceros, and other animals, I intend to prepare for the preſs. 
I am poſſeſſed of an accurate map of that part of Africa 


which I have viſited, containing all the. bills, together 


with, the ſmalleſt rivulets, as far as the Bay de la Goa, 


which, L think, will be a great addition to the work. I 


only regret that I was not able to draw the objects of 
natural hiſtory, and have an hundred times wiſhed that 
your ſon had been with me for this purpoſe, GJ. 7 
As Ihad been upwardsof nine months on this j journey, 
at my return tothe Cape I found that my acquaintance had 
given up all hopes of ſeeing me again having had no tidin gs 
of me for ſo long a ſpace of time. Notwithſtanding the 
many dangers to which I had been expoſed on this expedi- 
tion, I affure you I was greatly tempted to ſtay another year, 
in hopes of being more ſucceſsful in botanical diſcoveries. 
However, the proſpect of ſecuring the ſpoils which I had 
collected, prevailed on me to relinquiſh that ſcheme. 
Indeed I little thought at that time that the greateſt 
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danger awaited my collection in Sweden. A few days 
ago a great part of it has been damaged here by fire, 
which has been particularly fatal to my ſtuffed birds, 
having deſtroyed ſome which were not yet deſcribed. | 

As Iam well acquainted with the pleaſure which every 
new diſcovery in the hiſtory of nature gives you, 1 take 
this early opportunity of expreſſing the readineſs with 
which I wiſh to contribute to your ſatis faction, and have 


fabjoinedtothis letter an account of acurious bird, a ſpecies 


of Cuekow, which Ihave ſaved out of the fire. I only beg 
chat you will conſider it as an earneſt of more important 
communications, as ſoon as the hurry of my affairs will 
permit me to bring my papers into order. In the mean 
time if you ſhould think that account, and the annexed 
drawing, worthy the attention of the Royal Society, 1 
ſhould be greatly flattered if you would do me the ho- 
nour to lay it before that learned Body. 


With the greiteſt eſteem 1 remain, &c. 
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THE HISTORY OF THE HONEY-GUIDE, o 
CUCULUS INDICATOR.  '/ 


THIS curious ſpecies of Cuckow is found at a conſi- 
derable diſtance from the Cape of Good-Hope, in the in- 
terior parts of Africa, being entirely unknown at that 
ſettlement. The firſt place where I heard of it was in a 
wood, called the Groot Faader's Boſch, the Grand Fa- 
ther's Wood, ſituated in a deſart near the river which the 
Hottentots call 7*kau?hai, The Dutch fſettlers'there- 
abouts have given this bird the name of Honig-wyzer, 
or Honey-guide, from its quality of diſcovering wild- 
honey to travellers. Its colour has nothing ſtriking or 
beautiful, as will appear from the deſcription and drawing 
annexed; and its ſize is conſiderably ſmaller than that of 
our Cuckow in Europe: but in return, the inſtinct which 
prompts it to ſeek its food in a ſingular manner, is truly 
admirable. Not only the Dutch and Hottentots, but like- 
wiſe a ſpecies of quadruped, which the Dutch name a 
Ratel io, are frequently conducted to wild bee-hives by 
this bird, which as it were pilots them to the very ſpot. 
The honey being its favourite food, its own intereſt 
prompts it to be inſtrumental in robbing the hive, as 


(a] Probably a new ſpecies of badger, 
G 2 ſome 
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ſome ſcraps are commonly left for its ſupport. The morn- 
ing and evening are its times of feeding, and-it is then 
heard calling in a ſhrill tone cherr, cberr, whichthe honey- 
hunters carefully attend to as the ſummons to the chace. 
From time to time they anſwer with a ſoft whiſtle, which 
the bird hearing, always continues its note. As ſoon as 
they are in ſight of each other, the bird gradually flut- 
ters towards the place where the hive is ſituated, conti- 
nually repeating its former call of cherr, cberr: nay, if it I. 
ſhould happen to have gained a conſiderable way before 
the men (who may eaſily be hindered in the purſuit by 
buſhes, rivers, and the like) it returns to them again, and 
redoubles its note, as if to reproach them with their in- 
activity. At laſt the bird is obſerved to hover for a few 
moments over a certain fpot, and then ſilently retiring: to 

a neighbouring buſh or other reſting- place, the hunters 
are ſure of finding the bees neſt in that identical ſpot, 
whether it be in a tree; or in the crevice of a rock, or (as 
is moſt commonly the caſe) in the earth. Whilſt the 
hunters are buſy in taking the honey, the bird is ſeen 
looking on attentively to what is going forward, and wait- 
ing for its ſhare of the ſpoil. The bee-hunters never fail 
to leave a ſmall portion for their conductor, but commonly 
take care not to leave ſo much as would ſatisfy its hunger. 
The bird's appetite being only whetted by this parſimony, 
2 it 
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jt is obliged to commit a ſecond: treaſon, by diſcovering 
another bees-neſt, in hopes of a better ſalary. It-is fur- 
ther obſer ved, that the nearer the bird approaches the 


hidden hive, the more frequefitiy it repeats its call, and 


ſeems more impatient. he 
I have had frequent opportunities of ſeeing this bird, 


and have been witneſs of the deſfruction vf ſeveral re- 
publicks of bees, by means of its treachery. I had 
however but two opportunities of ſhooting it, which I 
did to the great indignation of my Hottentots. From 
thoſe ſpecimens (both of which are ſuppoſed to be 
females) I have made the ſubſequent deſcription. The 
inhabitants in general accuſe the ſame bird of ſome- 
times conducting its followers where wild beaſts and ve- 


nomous ferpents have their places of abode : this however 
I never had an opportunity of aſcertaining myſelf; but 
am apt to believe ſuch caſes to be accidental, when dan- 


gerous animals happen to be in the eee of a 


bees-neſt. | 
Whilft I ſtaid in the interior parts of Africa, A neſt 


was ſhewn to me, which ſome peaſants aſſured me was 
the neſt of a Honey- guide. It was woven of ſlender fila» 
ments or fibres of bark, in the form of a bottle. The neck 


and opening hung downwards, and a ſtring in an arched 
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ROSTRUM crafuſeutum, verſus bafin cus, api 


':hateuras 
Angi. oris aſque infra mann ou 
as om baſin ie 

ut carinula dorſali ſaltem 5 


| margine prominulo, dy Eder gry, 
wee pracigut in mandibul 
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inferior. 
— Plana, ſubſagittata. | — 2a ; 
'Oculorum irides ferrugineo-griſes. 1 
Patpebre nud, nigræ. 2 — * 
Peaes nigri, ſcanſaii. Tibia breves; reve⸗ ee Ungues tonnes, nigri. 


hos l=te gtiſeus'©Pennis brevibus latiuſculis, 
ala, Jugulum, Pectus, ſordide alba, cum aliquo virore 


ix Notabili in pectore. 
2 et Uropygium ferruginev-griſes 


Abdomen, Criſumque alba. 
Femora tecta pennis albis, macula 1ongitudinali nigra 


Aurum 


notatis. 


CUCULUS INDI 


DICATOR 


— —— 


— — 


——— — — — — — ö = — — 
Iz ., CO RIG b- +4 . IT. &. £4 


8 ; porn 4 A 47 | 
Aurum tefrices ſuperiores omnes griſco-fuſcze, exceptis 
ſummis aliquot quæ flavis apicibus formant maculam 
favam in humeris, n et a N ſeapilagibus 
ſeepe tectam. 


Tefrices infra alam albide, harum ſupreme ex 
albido nigroque maculatæ. | 


Remiges omnes ſapra fuſci, primarii octo, cual 
Tex; ſubtus cinereo-fulci. IIs. YE 

Cauda extents. rectricibus duodecim: harum "oY 8 
intermedia longiores anguſtiores, fupra et infra zerus - 
proximæ du fuliginoſ * margine in 
teriore albicantes; dus utrinque his proximæ, albæ, 
apice faſcee, et exterius ad baſin macula nigra notatæ; 
extima utrinque reliqquis brevior, alba, dee fuſca. 
macula nigra vix ulla ad baſin. 
Az complicate caudæ partem quartam attingunt. 
Longitude ab apice roſtri ad extremum caude circiter 
ſeptem uncias pedis Anglicani explet. Bre. 
Roftrum a baſi ſuperiore ad apicem ſemunciale. 
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VI. An Account of ſome new Electrical Experiments. "By 
Mr. Tiberius C ayallo; ; Wurm by Mr. Henley, 
| ” 
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DESCRIPTION AND Us E or ruf ArMespukAr 
CAL ELECTROME TER. Tin mu 
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716. I. reprefents-a very fimnple inſtru- 

| a ment, which I have contrived for 
making obſervations on the electricity of the atmoſphere, 
and which on ſeveral acebdunts ſeems tobe the moſt uſeful 
inftrunterit hitherto invented for that ꝓurpoſe. AB is a 
common jointed fiſhing- rod, without the laſt or ſmalleſt 
joint. From the extremity of this rod proceeds a ſlender 
glaſs tube e, covered with ſealing : HYax, and having a cork 
D at its end, from which a pith- ball electrometer is ſuſ- 
pended. Hoi is a piece of twine faſtened to the other 
extremity of the rod, and ſupported at 6 by a ſmall ſtring 
FG, At the end of the twine a pin is faſtened, which, 
when puſhed into the cork D, renders the electrometer E 1 
uninſulated. 
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Read Ded. 19, 
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for Electrical Experiments, 4989 
When I intend to obſerve the electricity of the atmo- 
phere with this inſtrument, I thruſt the pin 1 into the 
ork D, and holding the rod by its lower end A, project it 
ut of a window in the upper part of the houſe, into 
he air, raiſin g the end of the rod with the electrome- 
er ſo as to make an angle of about 50 or 60 with 
e horizon. In this ſituation I keep the inſtrument 
or a few ſeconds, and then pulling the twine at E, 
diſengage the pin from the cork p, which operation 
auſes the ſtring to drop in the dotted ſituation Lx, and 
2zves the electrometer inſulated, and electrified with an 
lectricity contrary to that of the atmoſphere. This done, 
withdraw the inſtrument, and examine the quality of 
he electricity without any obſtruction either from wind 
r darkneſs. 25 
With this inſtrument I have made obſervations on the 
ectricity of the atmoſphere ſeveral times in a day, and 
ave kept a journal of thoſe experiments from the 27th 
September laſt to this day. | 
The following is the moſt remarkable part of the 
ove-mentioned journal, in which I have noted the 
efricity of the electrometer, that is the contrary of 


lt in the atmoſphere. 
The ſtroke ſignifies as above. 
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Time of Obſervation. 


OR. 19th, 104 o'clock. Cloudy. x | To 
"of abs, F 2 
2 Heavy clouds. | 2 
24 Leſs cloudy. | I 
3 Few at a diſtance. 2 
+ $5: al — 
Oct. 31ſt, 11 poſt mer: — 4 
Nov. 6th, . En — I 
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Clouds. 


From the above- m entioned journal 1 have deduced th 
following general obſervations. 

- Iſt, That there is in the HOOP FER at all times a 
quantity of electricity; for whenever I uſe the above 
deſcribed atmoſpherical electrometer it always acquires 
ſome electricity. | | 

2dly, That the electricity of the atmoſphere or fogs 
is always of the ſame kind, namely poſitive; for the 
electrometer is always negative, except when it is evi- 
dently influenced by heavy clouds near the zenith. 

3dly, That the ftrongeſt electricity is obſervable in 
thick fogs, and the weakeſt when the weather is cloudy 
and there is a ſtrong appearance of rain; but it does not 
ſeem to be leſs at night than in the day-time. 
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DESCRIPTION OF THE ELECTROMETER FOR 
THE n 


THE rain-electrometer is, in its principle, nothing 
zore than an inſulated inſtrument to catch the rain, and 
by a pith-ball electrometer to ſhow the \ mma and 
uality of its electricity. 
Fig. 2. repreſents an inftrument of this kind, which I 


Inave frequently uſed, and after ſeveral obſervations have 


found to anſwer very well. ABl is a ſtrong glaſs tube 
about two feet and a half long, having a tin funnel px 
cemented to its extremity, which funnel defends part of 
the tube from the rain. The outſide ſurface of the tube 
from à to B is covered with ſealing-Wax, as alſo that 


part of it which is covered by the funnel. FD is a piece 


of cane, round which ſeveral braſs wires are twiſted in 
different directions, ſo as to catch the rain eafily, and at 
the ſame time to make no reſiſtance to the wind. This 
piece of cane is fixed into the tube, and a ſlender wire 
proceeding from the former goes through the bore of the 


tube, and communicates with the ſtrong wire ao, which 


is thruſt into a piece of cork faſtened to the end A of the 


tube. The end 6 of the wire à0 is formed into a ring, from 
H 2 which 
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which I ſuſpend a more or leſs ſenſible RN electro 
meter as occaſion requires. 
This inſtrument is faſtened to the ſide of the windoy 
frame, where it is ſupported by ſtrong braſs hooks at 
eB. The part E; ſtands out of the window, with the end 
Pa little elevated above the horizon. The remaining part 
of the inftrument paſſes, through a hole in a glaſs of the 
ſaſh, into the room, and no more of it touches the fide 
of the window than the part Bc. 
When it rains, eſpecially in flying ſhowers, this inſtru- 
ment, ſtanding in the ſituation above deſcribed, is fre- 


quently electrified; and by the diverging of the electrome- 


ter the quantity and quality of the electricity of the rain 
may be obſerved, without any dan ger of miſtake.. With 
this inſtrument I have obſerved that the rain is generally 
electrified negatively, and ſometimes ſo. ſtrongly, that I 
have been able. to charge a ſmall coated phial at the 
wire A0. 

This rain-electrometer ſhould be fixed in ſuch a man- 
ner that it may be eaſily taken from and. replaced at the 
window eas occaſion may require; for it will be neceſſary 
to clean it very often, particularly when a ſhower of rain 
is approaching. 


EXPERI» 
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EXPERIMENTS MADE WITH A GLASS TUBE HERMETI-- 
CALLY SEALED, AND HAVING SOME QUICKSILVER 
INCLOSED IN ITS. CAVITY. 


IN. making ſome experiments rather foreign to elec- 
tricity, it occurred to me, that when I agitated ſome 
quick filver in a glaſs tube hermetically ſealed, and in 
which the air was very much rarefied, it contracted a. 
very ſenſible quantity of electricity; which however was 
not conſtant, nor, as I firſt thought, in proportion to the 
agitation of the quickfilver. Being deſirous of aſcertain- 
ing the properties of this tube, I conſtructed ſeveral of 
them, and, as accurately as I could, obſerved their pro- 
perties;- but as they all agreed with regard to the chief 
points, I ſhall only deſcribe one, which is the beſt I have 
yet made. | 

This tube is two feet and ſeven inches long, and cove 
four tenths of an inch in diameter: the quickfilver in 
it may be about three quarters of an ounce, and to ex- 
hauſt it of air, I cloſed it whilſt the quickfilver was boil- 
ing in its oppoſite end. 

Before I uſe this inſtrument I warm it a little and 
clean it; then holding it nearly horizontally, I let the: 
quickſilver in it run. from one end of the tube to the 
RI other,, 


54 My. cxvarto's Aecbjẽjſ of © 

other, by gently and alternately elevating and depreſſing 
its extremities. This operation immediately renders the' 
cutſide of the tube electrical, but with the following re- 


markable property, vig. that part or end of the tube 

where the quick ſilver actually ſtands is poſitive, and the 

remaining part negative. If, by elevating this poſitive | 
etl of the tube a little, I let the quickfilver run to the 
oppoſite end which was negative, then the former in- 
ſtantly becomes negative and the latter poſitive. The 
poſitive end is always more ftrongly ele&rical than the 
negative. If when one end of the tube (which we call a) 
is poſitive, that is, if, when the quickſilver is in it, I do 


| not take off the electricity; then on elevating it ſo as to - 
(| | let the quickſilver run to the oppoſite end s, the end a | 
becomes negatively electrified in a very ſmall degree: - 
ll if I make it poſitive a ſecond time, and do not take off 
i that poſitive electricity; then, on elevating it again, it N 
| appears to be poſitive in a ſmall degree: but if whilſt it 

| j is poſitive I take off that poſitive electricity, then on being " 
j elevated it appears ſtrongly negative. w 


Theſe appearances I would explain in the following 
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manner: the quickſilver agitated within the cavity of the 
tube acts like a rubber, that is, excites the inſide ſurface 


. 
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of the tube poſitively, and becomes itſelf negative. Now 


: 3 — — cc. 


when the quick ſilver, negatively electrified, is on one 
I end 
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end of the tube, the outſide of the glaſs, by the known 
property of charged electrics, muſt be poſitive. The re- 
maining part of the tube being poſitive on its inner ſur- 
face, muſt be negative on the outſide. But as there is a 
vacuum within the tube, it may be aſked, why is not the | 
equilibrium between the negative electricity of thequick-- b 
filver and the poſitive electricity of the glaſs inſtantly 
balanced? | 

When about two inches of each extremity of this tube- 
are coated with tin-foil, that coating affiſts to make the 
electricities more conſpicuous. 

With regard to the conſtruction of ſuch tubes (which L 
have made of ſeveral lengths from nine inches to two 
feet ſeven inches) I find that ſome will act very well, 
while others will hardly acquire any electricity at all, 
even when they are made very hot. I am not as yet tho- 
roughly ſatisfied with reſpect to the cauſe of this difference, 
but ſuſpect that the thickneſs of the glaſs is more con- 
cerned in it than any thing elſe; for I find that a tube 
whoſe glaſs is about one twentieth of an inch thick,, 
anſwers better than either a thicker or a thinner one. 


November 13, 1776. 
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vn. 4A Third Eſuy on Sea-anemonies. 8 
By the Abbe Dicquemare. 


ON THE GENERATION OF THE FOURTH SPECIES, 


> 9, AVING in my ſecond effay on ſea- 
anemonies, communicated my diſco- 
veries on the manner in which the fourth ſpecies is mul- 
tiplied, and offered ſome conjectures on the internal or- 
ganization of the ſmall ſhreds which become anemonies, 
I added a caution, not to admit of thoſe conjectures with- 


out amen. What paſſed under my own eyes 
convinced 
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Troi 2 Memoire pour ſervir à I Hiſtaire des Adonis de Mer. 
Par M. F Abbe Dicquemare. 


Sur la Generation de la Quatrieme Eſpece. 
Havre de Grace, Mars , 1776. 
Pres avoir expoſe dans un ſecond mEmoire pour ſervir à Phiſtoire des Ane- 
mones de mer, mes decouvertes ſur la mamiere dont celles de la quatrieme 
efpece ſe multiplient; apres avoir ouvert quelques conjectures fur Porganifation 
intẽrieure des petits lambeaux qui deviennent anemones, je ne diſſimulai pas 


qu'on ne devoit point y reftraindre ſes idẽes. Ce qui ſe paſſoit ſous mes yeux 
| me 
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cotminced-me more and more (and 1 gave ſome hints to 
that purpaſe) that the ſmalleſt particle of a living ani- 
mal, has an organization which far exceeds every idea 
we can conceive of it; and which, from the extreme mi- 
nuteneſs of thoſe particles, baffles our cloſeſt inſpection : 
ſo that inſtead of being ſurprized at the ſingular effects 
of reproduction, they are rather what we ought to ex- 
pect, and be prepared to obſerve as they ariſe. It is with 
this view that I have continued my experiments and ob- 
ſervations: they have confirmed the diſcoveries I had 
made, and afforded: me an opportunity to juſtify ſome 
eminent men, whoſe aſſertions concerning the multipli- 
cation of the freſh-water polypi by ſections, have met 
with the moſt unmerited contradictions. | 
Among all the objects which nature offers to the con- 
templative mind, there is none ſo ſtriking and important 
as that of the 6 of beings, and eſpecially of ani- 
— ͤ—ſ — mated 
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me fd de plus en plus, et je m'en \ expliquai, que les mala parties Gun 
etre vivant ont une organiſation qui ſurpaſſe infiniment Pidee que nous pouvons 
nous en faire, que l' enorme petiteſſe de ces parties derobe aux regards les plus — 
avides; et que loin de ſe ſurprendre des effets finguliers de reproduction, on 
deyroit pour ainfi dire les attendre, et ſe mettre à portẽe de les faifir, -C'eft dans 
cette viie que Jai continue mes obſervations et mes experiences : elles ont con- 
hrme les dẽcouvertes que Javois faites, et me precurent la fatisfaQtion de juſtifier 
les hommes illuſtres, qui en nous faiſant connoitre la multiplication des polypes 
d eau douce par la ſection, ont eprouve les contradictions les moins meritces. 
De tous les objets que la nature offre a Veſprit mẽditatif, i} n'en eſt point de 
plus grand, de plus reſpectable, que celui de la generation des Etres, et ſurtout de: 
Vor. LXVII. I Fktres 


Abbe e Third Ey 
mated beings. This grand myſtery has always attract 
the attention of the greateſt philoſophers; but their waiy 
of ſucceſs in their reſearches may be eaſily inferred from 
the deficiency of proper means of obſervation: and i 
ſeems an advantage reſerved for our age, to introduce x 
new ſet of beings, which bids fair.to throw — light 
upon our enquiries on that ſubject. 

Had I only freſh proofs to add to thoſe. already — 
and no new diſcoveries to commmunicate, I ſhould cer- 
tainly leave nature to eſtabliſh our opinion of her opera- 
tions: but having been fortunate enough to gather ſome 
ſcattered fruits in this wide field, which had eſcaped the 
obſervation of others merely becauſe they were engaged 
in more plentiful harveſts, I have been ſtruck with the 
increaſing ſingularity, number, and importance of the 
9 which have appeared to me to diffipatg all doubt. 
I ſhal 
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etres vivans: c'eſt auſſi vers cette merveille que les philoſophes les plus diſtin- 
guẽs ont dirige leurs regards; mais leur manque de faccts reſulte naturelle- 
ment des foibles moyens qu'ils avoient pour faire des obſervations; et c'el 
un avantage qui paroit avoir ẽtẽ reſerve à notre fiecle, de faire paroitre ſur k 
ſcene des etrres juſqu'ici ignores, qui PRI de nous fournir des nouvelles 
lumieres ſur ce Het. 

Si je Wavois I preſenter ici que les memes decouvertes, quoique ce fut multi- 
plier les preuves, je laifſerois à la nature le ſoin de fixer Popinion ; mais dans ce 
champ fertile Jai ẽtẽ affez heureux pour recueillir quelques fruits a cart, et 


qui n'avoĩent Echappe aux regards des autres que parcequ' ils etoient occupes de 

recoltes plus abondantes: y ai vii la ſingularitẽ &Yaugmenter, et le nombre comme 

Vetendũe des objets m'a paru propre a diſſiper les doutes. Je ne rappellerai pas ici 
cc 
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t ſhall not here repeat what I have already ſaid concern - 
ing the reproduction of the ſuperior part of the fourth 
ſpecies, which is often as thick as one's arm; new experi- 
ments have confirmed it, and have ſhewn the poſſibility 
of the reproduction of freſh- water polypi, without hav- 
ing recourſe to a multitude of imperceptible animals: 
but the better to explain what I have ſince diſcovered 
concerning the generation of this ſpecies of anemo- 
nies, I muſt beg leave briefly to recapitulate what I have 
already - publiſhed on that ſubject. Theſe anemonies, 
having their baſes unequally extended upon, and firmly 
adhering at their extremities to a hard ſubſtance, contract, 
and thus tear off and leave on that hard ſubſtance, one or 
more ſmall-ſhreds of their bafes, covered with pieces of 
the coat of the old animals; and theſe ſhreds ſoon after 
become ſmall anemonies, which alſo is the caſe in artificial 
ſections. Of this ſingular operation I have had opportu- 
nities 


en, 
er- 
2 
ne 
he 
ed 
he 
he 
ft, 
a 


. —_— 


TT 


ce que Jai dit de la reproduction de la partie ſupẽrieure des anẽmones de la qua- 
trieme eſpece, ſouvent groſſe comme le bras; de nouvelles experiences Font encore 
confirmee, et ont fait voir la poſſibilitẽ de celle des polypes d eau douce, fans avoir 
beſoin de recourir à une multitude d' animaux imperceptibles : mais qu'il me ſoit 
permis de retracer ici en peu de mots ce que Jai deja public ſur la generation de 
cette eſpece, autrement il ſeroĩt difficile de faifir ce que Pai appergn depuis. Ces 
anẽmones, ayant la baſe inẽgalement ẽtendũe et fortement attachee par quelques 
points de ſes extremites ſur un corps dur, ſe retirent ſur elles memes, et laiſſent 
aink en ſe dechirant une ou pluſieurs portions tres petites de leur baſe, recouvertes 
dune parcelle de leur robe, qui deviennent en peu de temps des * anẽmones, 


ce qui a lieu auſſi par des ſections violentes. En obſervant de Nouveau ces 
1 2 animaux 
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nities of ſeeing repeated inſtances, m. been W * 
duous and conſtant in my obſervations. | 


On the 26th of October 17% 55 an anernony;, end 
I had tried an experiment foreign to the preſent purpoſe 
contracted, and left on the fide of the vaſe a ſmall ſhred, 
which at the very firſt I ſuſpected to be intended for 
young anemony : not that it was either fleſhy, or chat i 
ſeemed to contain a bulb; but becauſe the anemony had 
for ſeveral days before ſtretched itſelf conſiderably, and 
in a particular manner, from that point of the baſe. Cers 
tain internal fibres or radii appeared, which in the old 
anemony had their direction from the circumference to 
the centre: and as the ſhred was an irregular ſegment of 
the area of the circle formed by the baſe of the old ane- 
mony, it is evident that theſe fibres or radii, being ſome- 
what diſtant from each other at the arch of the ſegment, 


did 
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animaux, et apres avoir attendu longtemps, j; ai eũ la ſatisfaction de voir ſe repeter 
cette operation finguliere, et je Pai ſuivie d auſſi pres qu'il m'a ẽtẽ poſſible. 

Le 26 Octobre, 1775, une anemone fur laquelle javois tents une experience 
qui n'a rien de commun avec notre objet preſent, laiffa contre les parois du vaſe, 
en ſe retirant, un petit lambeau que je ſoupconnai des le commencement tre 
deſtinẽ à devenir une petite anẽmone; non qu'il fut &pais ou qu'il me parut contenir 
quelque bulbe, mais parceque Panemone s etoit fort alongee par ce point de ſa 
baſe, depuis pluſieurs jours, d une maniere toute particuliere. On appergevoit dans 
Pinterieur certains fibres ou rayons qui dans anemone avoient tendu de la cir- 
conference au centre, et comme ce lambeau etoit un ſegment irregulier de Paire 
du cercle que forme la baſe d'une grande anemone, on comprend que ces fibres 
ou rayons, "un peu diftans Pun de Tautre 3 a Parc de ce ſegment, ne convergoient 


pas 


8 _\ on Sea-anemonies. . 
ii; ad nat converge» ſufficiently to form a centre at the 
chord; aid that the point of union of theſe radii wasthe 
centre of a circle equal to that formed by the baſe of the 
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old anemony (ſee Tas. 111. fig. I. its natural fize, and fig, 
2. magnified). During the firſt days this little fragment 


acquired phampneſs, bgat itſelf gradually into a round 
figure, and ſeemed to make ſome efforts towards forming 


itſelf into the ſhape in which it appeared on the 25th; 
the fibres becoming gradually more convergent, thechord 
of the arch ſhorter, and the arch a ſegment of a ſmaller 
circle. At length the radii united in a centre (fee fig. 3. 
magnified) and its ce reer be a ſe ___ of a ſſ phere 
(ſee fig. 4.) oberg of 

On the 3othof October] ee in this ROI I 
ſiderable contractions anddilatations in the direction of its 
thickneſs; but could ſee no mouth nor limbs. On the 1ſt 


— — — — — — 


pas afſez pour former un centre à la corde; et que le point de reunion de ces 
ter rayons etoit le centre Gun cercle egal a celui que formoit la baſe de Panemone ; 
VOyEZ TAB. 111. fig. 1. et 2. dans Pune il eſt de grandeur naturelle, et dans Fautre vũ 
ala loupe. Pendant les premiers jours cette petite portion prenoit de Fepaiſſeur, ſe 
recourboit et s arrondiſſoĩt peu à peu; elle tendoit de toute ſes forces à prendre la 
forme ou elle parvint le 25, c'eſt à dire que petit à petit, les fibres etant devenus 
plus convergens, la corde de Parc du cercle plus courte, Parc une portion d'un 
plus petit cerele, il getoit forme un centre de reunion de ces rayons, qui occupoit 
ns le cõtẽ de ce petit corps anime, comme le repreſente la figure 3. qui eſt vie ala 
r- W loupe; quant au profil, il eſt repreſents par un ſegment de ſphere, ou par la 
re figure 4. 

es Le 30 Octobre Jappergus des contractions et des dilatations tres ſenfibles dans 
t I cpaifſeur, mais point de bouche ni de membres. Le 1 Novembre il a change de 
2 place. 
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| 
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fimilar in every reſpect to the old one by which it had 


into the maſs. The word all muſt not, however, be 
taken in a ſtrict ſenſe; for I muſt confeſs that I per- 


is. Le 7, a Taide d'une forte loupe, J'ai appercu un orifice, et des apparences de 


ot 


Abbe 1 OY 20 Dpa Egay 
ör November it moved from ĩts place. On the 7th I diſt 


| vered, by means of a ſtrong lens, an orifice and ſome ap 


pearance of limbs. On the 16th Iſa them very diſtinctiy. 
on the 1th it changed its place again. At the beginning 
of January 1776, the folds of the body were formed; and 
then it could not but be conſiderad as a young anemony 


been produced, except in the number of limbs, which 
however, although the animal be ſtill very ſmall, are 
now increaſing. The ſemi-tranſparency, which often 
prevents accurate obſervation, allowed me to view the 
gradation through which the ſmall fibres became con- 
vergent: I could alfo ſee the gradual contraction of the 


angles of the ſegment, and that not a ſingle particle of 


the fragment periſhed; all ſeemed to be re-incorporatel 


ceived ſome yellowiſh filmy matter round this little 


2 
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membres. Le 16 je les ai vis tres diſtinctement. Le 17 il a de nouveau change 
de lieu. Au commencement de Janvier 1776, le pli du corps geſt forme; c'etoit 
donc alors une petite anemone qui, a exception du nombre des membres, reſſem- 
bloit parfaitement a celle dont elle etoĩt provenue; les membres augmentent, et 
cependant cette anemone eſt fort petite. La demi - tranſparence, qui gene quel- 
quefois dans les obſervations, m'a permis de diſtinguer le progres par lequel les 
petites fibres ſont devenũes convergentes: Pai vi auſſi les angles de ſegment ſe 
racourcir, et rien ne m'a paru perir: tout s'eſt refoule dans la maſſe. Ce mot tout 


ne doit cependant pas tre pris 2 la lettre: ai apperęu quelques pellicules quelques, 


ſubſtances 
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TY which. reed dear it; but its quantity was 4 
ſmall, that I could not thence infer the loſs of any par- 
ticle of the ſhred, and rather imagined that this matter 
was merely the effect of ſome ſecretions or extravaſated 
humour. | 
What ill leaves me a doubt concerning the germ is, 
chat this effect has been more conſiderable in ſome of my 
experiments than in others. Had the fragment of the 
memony contained a germ, it might be concluded that 
the membrane which covered it ſhould have periſhed as 
ſoon as the animal was formed; this however was not 
ſufficiently evident in ſeveral caſes, and eſpecially i in thoſe 
where the fragment had been naturally torn off. At firſt 
the ſhred was thin, and thinner ſtill before it was ſepa- 
rated from the old anemony; and no bulb could ever be 
perceived either then or in the ſequel. I was then led to 


imagine, 


n 
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ſubſtances un peu jaunitres, autour de la petite maſſe, qui en ont été ſeparces; 
mais elles etoĩent en f petite quantite, que je n'ai pu en conclure qu'il eut peri 
quelque choſe du lambeau, cette ſubſtance etoit peut-etre dũe à des ſecretions ou 
a quelque humeur extravaſce. 

Ce qui me laiſſe encore un doute reel, c'eſt que cet effet a ẽtẽ * ſenfible dans 
quelques unes de mes experiences. Si cette portion danemone eũt contenu un 
germe, n'eft-on pas ports a penſer que les membranes qui Penyelopent auroĩent 
peri lors de ſon dEvelopement. C'eft ce qu'on ne remarque pas d'une maniere 
aſſez ſenſible dans pluſieurs, et ſurtout dans ceux qui ſe dechirent naturellement. 
D'abord le petit lambeau ẽtoit mince et, avant qu'il füt ſẽ par de l' anẽmone, je Vai 
obſervẽ pendant pluſieurs jours; il etoit plus mince encore: je n'y voyois nulle 

apparence 
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a new animal? is it a neceffary, inſtinct? can it be ad- 


| vidual, accordin g to circumſtances which it ſeems in ou 


* 
—— — 


ſurtout à cauſe de la reunion du bout des fibres a un centre commun, que c'etoit 
un ſumple lambeau qui devenoit anemone. Mais qui eſt ce qui fait, qu'etant 


devenir? le principe de la vie ſeroit-il, dans ces animaux, particulier à chacune 
de leurs parties; et comment eſt il, ou n'eſt il pas, ſelon les circonſtances que 
nous pouvons faire naitre, ſuhordonne a Vorganiſation generale de l'individu 
Oh, fi on-etoit tents de preferer Padmiration du public a la bonne foi, que de 
choſes a dire] Tout ce qui me ſemble qu'on peut conclure de ces obſervations, et 


gui ſe multiplient comme de bouture; mais j'attends etre inſtruit par des 


2 piogumvents's —_ — 

Age Eſpecially on accouitit of the urn bf the fbr 
Ina common centre, ti that a ſimple ſhred produced an ang. 
mony. But from what cauſe does this little fragment 
contract into a circle, and increafe its thickneſs? how 


ſhall we account for its viſible tendency towards forming 


mitted that in theſe animals the vital principle i is pecu 
liar to every particle? and in what manner is it, or is | 
not, ſubordinate to the general organization. of the indi 


power to modify? How many ſpecious reaſonings might 
be made on this ſubject, did we prefer the adiniration' d 
the public to real truth The only inference that I think 
can as yet be derived from theſe and the followin g obſer. 
vations i is, that there certainly are animated beings which 
multiply,” as ir were, by lips; but whether the con 

currence 
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apparence de bulbe, et je ny en ai point vu depuis: Jai donc ẽtẽ tentẽ de croirr, 


detachee, cette petite portion ſe recourbe, et prend de Fepaiſſeur ? par quelle cauſe 
tend elle viſiblement à former un animal? ſent-elle alors la neceſſité de le 


plus encore de celles qui vont ſuivre, c'eſt qu il eſt vrayment des Etres animes 


nouvelle; 


WENT on Numer : 6g 
currence of two ſexes may or may not be diſpenſed with, 
is a fact I expect to learn from future experiments. Þ 
can at preſent only ſuſpect its being unrieceffary;ſincethe 
anemonies I had hitherto operated upon were all pro- 
duced at ſea. The manner in which they multiply ſeems 
ſtrongly to favour that ſuppoſition : ſuch ideas begin al- 
ready to become familiar . they appear leſs ſingu- 
lar; and yet how different are _ from thoſe we uſed: 
to entertain of the animal creation? 

Let us now proceed from the operations of mere na- 
ture, to fuck as are in fonie meaſure the effect of art. On 
the 1 ath of December 1775; I ſevered witli the point 
of a knife ten ſmall pieces from the baſes of ſeveral ane- 
monies; at the plates where they ſeemed [tht moſt! diſ- 
tended, and moſt adherent to large oyſter-ſhells; from 


which they dropped after the operation. J put theſe? 
Pieces 
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nouvelles experiences, ſur 1'1 nutilies ö du concours des * aue je ne puis nan bs. 
ſoupconner, parceque les anẽmones que Jai opere juſqu'ici etoient nes en mer. 
La maniete dont ces animaux ſe multiplient ſemble ẽtayer fortement ce ſoupgon. 
Daja nous naus accoutumous a toutes ces idẽes nouvelles; elles nous frapent moins: 
ependant combien ſont clles ẽloignẽes de celles que nous av ions de Panimal! 
Paſſons maintenant des operations propres de la nature, à celles on Vart entre | 
pour quelque choſe. Le 12 Decembre 1775, je coupai, avec le bout un | 
uſtouri, dix petites portions des bords de la baſe de pluficurs anemones, aux 
droits ou ces baſes etoĩent plus etendũes, et plus adherentes a des ecailles de 
groſſes huitres, dont elles ic detachoient en les coupant. Je mis ces Particules 
Vor. LXVII. K | dans 
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pieces into'differetit*vaſes]/ The neit day two of them 
ſtuck to'the bottom y o ce Tf t. mare fadhered; 
o the 22d, ſix of them; on the 24th, nine; and on the 
27th, all were affixed. Each of them went through the 
ſartie progreſs as the pieces which had been torr off na- 
tarally; and before the beginning of Marcli they were 
df having been very accurate and attentive in my obſer- 
vations, {till I have not yet been fortunate enough to ſee 
all that I could wiſn. I hall however repeat my at- 
terapts, and I have great expectations from the new ex- 
periments I meditate. The preſent have pointed out 
ſome differences which lead to ſeveral reflections. Thoſe 
ſhreds which had been cut of a larger ſize, produced (be- 
the films they may have loſt) larger anemonies. Whe- 


ther this multiplication be the effect of — germ, 
or 
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dans autant de vaſes: le lendemain deux etoient attachẽes au fond; le 14 deux 
autres etoĩent de meme attachées; le 22 fix, le 24 neuf, et le 27 elles Fetoient 
toutes. Chacune d' elles mꝰ ayant preſente ſucceſfivement les memes progres qu - 
voient fait les portions detachees naturellement, il ſeroit inutile de les decrire de 
nouveau: avant le premier Mars elles avoient toutes des membres, &c. Quoique 
Jaye obſerve avec le plus grand ſoin ce qui geſt pafle, je n'ai pas encore ett 


aflez heureux pour voir tout ce que je defirois.; mais jy reviendrai et p eſpete 
beaucoup des nouvelles tentatives que je medite, Celles-ci m'ont offert des 
differences qui donnent lieu à quelques rẽflexions. Ceux de ces petits morceaur 
Fanẽmones que p ai coupts plus grands, ont produit (independamment de ce qui 3 


u sen detacher) des anẽmones plus grandes, Si c'eſt en vertu ꝙ une bulbe, d'un 
guru 
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er of an eg it ſtillappeats chat — and all 
that is contiguous to thoſeteguments, ſhould not be a con- 
ſtituent part of the — chat only a larger germ 
can produce a larger animaall. 
ls it then in our option to — anemonies * 
when we pleaſe, but alſo of what ſize we pleaſe”? Or 
does the multiplying anemony follow in this its own in- 
clination? AU this, added to the junction of the fibres, 
ſeems very oppoſite to the opinion of the germs or eggs; 
but on the other hand there are obſervations which fa- 


(e) Without LL what is here ſaid; forme Expetiments have induced 


me to think that this aſſertion) ſhould” be admitted with ſome limi 


that if the ſhreds be. very large, they will periſh; that in general only 
ſmall ones ſhould be cut, without either fretting or tearing them; and that the 


raſes ſhould always ee hp and the water au eleat —— as 
ran, > of zotirr to dd! 221 1. EV. | 
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germe, ou d'un oeuf quelconque, que cette multiplication fe fait, il ſemble que tout 
ce qui y ſeroit joint comme envelope, et plus encore comme contigu aux enve- 
lopes, devroit ne pas faire partie du petit animal, et qu'il n ee ces pane 
plus gros, qui donnat une anemone plus groſſe. 

Sommes nous donc les maitres, non ſeulement de faire ln bene; 
quand nous youlons, mais meme de leur donner plus ou moins de groſſeur (a) ? 
Lanẽmone qui multiplie en diſpoſe · t· elle auſſi a ſon gre? T out cela joint a la | 
reunion des fibres, ſemble bien oppoſe aux germes et aux ceufs; mais auſſi d'autres 
obſervations leur ſant favorables. II m'a ſemble qu'il ſe ſeparoit un peu plus de 


(a) Sans affoiblir ce que J ẽrpoſe, quelques en ac ther eee een ante Behance 
alſez Erroites; que des morceaux trop grands perifſent, et qu'en general il n'en faut couper que 
de petits, ſans les tirailler; que les vaſes doi vent Etre nets, et Feau claire ex fraiche. | 
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ub K. Tt appeal xo me, that mpre'of the membranu 
cebus particles care off from the fhreds which had been 
dipped of larger fie, than from thofe which had been 
naturally torn from the anemony; but as 1 hwre:not had 
oc te obſerve many of the latter, this difference 
ray be owing mereiy to the different ſizes of the ſhiredꝭ 
Another circutniſtatice I obſerved im the pieces that 
were naturally vorn eff is, that there are Jore which 
produce FeveraF anemonies, which ſometimes remain 
united, and at other times ſeparate. L have myfſeif fre- 
quently ſeen this operation. One of the ſhreds I had clip- 
ped was of an irregular ſliape, nearly as in fig. g. A little 


9 


contraction was ſoon formed between the two extremities, 
both of which became round, ſwelled and aſſumed the ap- 
gearance of twa. drops of tallow; the contraction became 
like 
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ces eſpeces Je pellicules des. morceaux coupes un peu gros, que de ceux arraches 
naturelſement par anemone mẽme; mais comme je n'ai eu occaſion d obſerver 
qu'un petit nombre de ceux- ci, il pourroit arriver que cette difference ne ſeroit 
due qu au plus ou moins d ẽtendũe du lambeau. 

Une autre remarque que Javois. deja faite dans les morceaux ſpares natu- 
wilemens eſt, qu'il cen trouve quelques uns d od naiſſent pluſieurs anẽmones, 
entre les. quelles il x en a qui reſtent unies, tandis que d'autres ſe ſẽparent. Cette 
operation 8 eſt rẽpẽtẽe ſous mes yeux. Un lambeau que jd avois coup avoĩt à peu 
pres la forme que repreſente la figure 5, 11 ſe forma un petit ẽtranglement 
entre un et Fautre de ſes bouts; chaque bout prit une figure ronde, et leur ſur- 
face ſupericure 8 'etevoit en goute de ſuif: Petranglement devint comme un 

filet, 
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— nn On the . of-Jarmary, the 
up a little way on the fade — the 28th, 


me thread broke, when the two fragments became twa 


germs in the ſhred? Or may one ſingle ſhred, without 
any' bulb, germ, or egg whatever, produce one or more 
anemomes either connected or ſeparate? Theſe are quei- 
tions I am noc yet able to ſolve, and/I with Lwere the ori 
one thus uninformed. But to return; the following facts, 
of whach 1 have frequently been eye-witneſs, muſt now. 
be admitted. ft, That the anemonies of this ſperies 
are multiplied by ſhreds, both naturally. and artificially. 
2dly, That theſe ſhreds produce ſometimes only one, and 


at other times ſeveral anemonies. 3dly,. That among | 


theſe young anemonies formed by one ſhred, ſeveral re- 
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filet, figure 6. Le 24 Janvier, la plus groſſe partie (car elles etoĩent fort inegales) 
monta un peu aux parois du vaſe; le 28-le. filet geſt rompu, et ces deux parties 


font devenũes deux petites anemones.. V auroit il donc eu deux germes dans ce mor- 
eeau ? ou bien peut - il d'un fimple lambeau ſans bulbe, ſans germe, fans uf 


quelconque, naitre une ou pluſieurs anẽ mones, unies ou ſeparees ? Ceſt ce que je 


ne ſgais pas encore, et je voudrois ẽtre le ſeul qui Vignorat. Revenons donc à cette 
ſource feconde. D'abord on doit regarder comme des faits certains, dont Yai ẽtẽ 
temoin pluſieurs fois, 1%, que les an&mones de cette eſpece ſe multiplient 


naturellement et artificiellement par des lambeaux; 2*, que ces lambeaux 
deviennent ſouvent une, quelquefois pluſieurs anẽmones; 3*, que de ces 
petites anẽmones, formecs d'un meme lambeau, pluſieurs reſtent unics entre elles 
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eſſay, in which three individuals hal been blended toge- 
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ſentẽe dans la p!anche du meme mEmoire, qui produifit devant moi une * 
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— — among cloſ which rea 
connected there are ſome which grow to the largeſt fine 
ſuch as the monftrous anemony mentioned in my ſecond 


ther; and another of a ſmaller ſize.in the ſhape of a Y 
repreſented in the plate of the ſame effay, which before 
my own:eyes produced a young ene by mum I 
ſmall ſhred:from the baſe of its coat. 121 
What do we then perceive in theſe ſhreds? Nothing 
hitherto but a membrane which was before part of the 


* (6) This ſpecies, which is fo fertile i in Wc 2.5 gy * alſopreſented me 
with one which had two bodies on one baſe. Of the firſt ſpecies T have as yet 
ſcen but one monſter, which on the contrary had two baſes and only one body, 
I faw it at its birth, 


its 
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quoique le plus grand nombre ſe ſepare par ẽtranglement; 4, que parmi celles 
qui reſtent unies, il y en a qui deviennent de la plus belle groſſeur, comme Panẽ- 
mone monſtrueuſe dout j ai parlẽ dans mon ſecond mẽmoire, dans laquelle trois 
individus etoient-confondns, et une autre moins groſſe en forme d' (, repre- 


anemone en dẽchirant un lambeau du bord de fa baſe. 
Qu appergoit· on done dans Vun de ces lambeaux ? Juſqu'ici je n'y ai vũ qu'une 
membrane qui fai ſoit auparavant partie de la baſe de la grande anemone, une I. 


(5) Cette eſpec feconde en monſtruoſitẽ m'en a encore offert une qui a deux corps ſur une 
meme baſe. Je n'ai jamais cu qu'un monſtre de la premiere eſpece, il avoit au contraire * 
baſes et un ſeul corps. Je Favois vi naitre. 


5 au; 


| through. a microſcope, appeurs a maſs of minute globu- 


wk benen 


4s. ont? fame. muſcular fibres. and an e dine 
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ments deſcxibed n my ſecond eſſay, as they appeared in 
the ſolar micruſcope: and a clammy ſubſtance filling up 
the interſtices. When ſuch a ſhred is decompoſed, it 
changes into a whitiſh glutinous ſubſtance, which, 


lar bodies, that ſeem ſtill to be of a compound texture, 

and forme of which are of a larger ſize, and of an oblong; 
oval ſhape (fig. 7.) as they may be often obſerved in 
ſea-water viewed through a microſcope. The circular 
edge of theſe ſhreds which. formed part of that. of the- 
old anemony, retains the faculty of adhering and looſen-- 
ing itſelf; nor do any of the fibres periſh.in. the forma-- 
tion of the new animal; they only receive anew arrange-- 


ment, or acquire a greater conyergency. What. cauſe: 
can: 
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peau portion de ſa robe, des fibres muſculaires, des petits cordons dans . Finte- - 
rieur dont Jai parlẽ dans mon ſecond mẽmoiĩre aprẽs les avoir examines au micro- 

ſcope ſolaire, et enfin une matiere.gelatineuſe qui remplit les intervalles. Lorſque - 
ces lambeaux ſe decompoſent, il en reſulte une. matiere blanchatre, legerement. 
viſqueuſe, I quelle, vie. au microſcope, offre des eſpeces de corps globuleux, tres . 
petits, qui paroiſſent compoſẽs, et parmi leſquels on remarque une grande quan- 

uts d' animaux plus grands, d'un ovale fort allonge, comme le repreſente la figure 
7, et comme on en voiĩt ſouvent dans l'eau de la mer ẽx amine au microſcope. . 
Le bord en portion de cercle de ces lambeaux, qui formoit celui de la grande ane- 

mone, conſerve la facultẽ de s' attacher et de ſe dẽtacher; et dans la formation du 
petit animal les fibres ne ſe detruiſent point, ils ne font que prendre comme on 


roit ug_nguyel arrangement, ou plus de convergence. Quelle peut donc &tre» 
la 
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7 
can we then aſſign to the tendency theſe fibres and tete 


ſhreds have to form a new animal? It can eaſily be corw 
oeived that the exterior border of the ſhred, preſerving 
the faculty of adhering, may form a ſogment of a ſtmallet 
circle; but it might equally incline to form a ſegment ot 
a larger one, did it not ſeem more natural that a body en- 
.dowed with ſenſation, ſhould rather endeavour to cloſes 
wound, than to open and rend it more and more. There 
muſt then be in this ſhred a certain degree of ſenfationp 
ſince in order to fix, and to looſer itſelf, occaſionally, it 
muſt have a perception of its adherent or detached ſtate; 
— ER this in the ſhred we are ex- 
amining; for allowing that the border aſſumes a circular 
— and thereby caufes a convergency of the fibres, 
that the angles contract, and the wound clofes, the refult: 
of which. is a ſmall animated body; yet it will always be 
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la cauſe par laquelle ces fibres, et le lambeau entier, teadent à former, et ſemblent 
former en effet une petite anemone? On congoit aiſement que le bord extericur 
du lambeau, conſervant la faculte de gattacher, peut former une portion d'un plus 
petit cercle; mais auſſi il pourroit en former une d'un grand, fi ce n eſt qu'il paroit 
plus naturel pour un corps doue de la faculic de ſentir, de tendre à refermer 
une playe, que de Vouvrir, ou de la tirailler de plus en plus. Hl y a done dans ce 
petit lambeau une ſorte de ſenſation, puiſque pour s'attacher et ſe deracher au 
beſoin, il ſemble qu'on doit ſentir qu'on 8'attache ou qu on fe detache. Il y a 
plus que cela dans ce lambeau que nous obſervons, car quand le bord Sarrondi-. 
roit, que par 1a les fibres prendroĩent de la convergence, que les angles ſe rap- 
procheroient, que la playe fe conſolideroit, qu'en rẽſulterdit - il? un petit corps 
anime * 


73 
difficult to conceive how this ſmall. — preſerves. all | 
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theſe faculties, how this animated being acquires the 
power of loco- motion, and -whence: proceeds the whole 
reproduction of an animal. Where ſhall we find the 
principles of the limbs, of the inteſtines, of the mouth, 
of the fold in the body, of the elegant tufts which ter- 
minate the limbs, 8c. ſince nothing of all this can be 
obſerved- in fuch a fragment? Shall we ſeek for that 
principle in the ſlender threads, the conſtructionof which, 
ſeen with the ſolar microſcope, had ftruck me with admi- 
ration? but my obſervations have not convinced me that 
they were intended for theſe purpoſes. What would 
have determined my opinion in favour of theſe filaments 
is, the facility with which they wrap themſelves up in a 
ſpiral, and form certain parcels (which have the ap- 
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anime? mais outre qu'il ſera toujours difficile de conceyoir comment ce petit 
lambeau conſerve ces facultes, et comment ce corps anime acquiert celle de 
changer de lieu au beſoin, on peut encore demander d'où procedera le develope- 
ment qui ſuit? où ſe trouvera le principe des membres, des inteſtins, de la 
bouche, du pli du corps? d od naiſſent ces beaux panaches qui terminent les 
membres, &c. puiſque rien de tout cela ne ſe remarque dans cette partie? 
Chercherons nous ce principe dans les cordons delies dont la ſtructure, au mi- 
croſcope ſolaire, nous a paru fi admirable? mais je n'ai pu trouver dans Pobſer- 
vation de quoi me convaincre qu'ils ſoient deſtines a cet uſage, Ce qui eũt ẽtẽ 
bien plus capable de me fixer fur ces cordons, c'eſt la facilite qu'ils ont de ſe 


rouler en ſpirale, et de former des eſpeces de paquets qu on appergoit comme un 
Vor. LXVII. L petit 
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evidently contain a liquid; and here-alÞmy"knowtedge 
ends. Does the Principle we are in ſearch of exiſt in 


lors qu elles Petendent. Pauroĩs pu encore etre arretẽ d une mianiere plus par- 


b trouves au microſcope parmi ces cordons, et qui me paroiffent compoſes à peu 


-- 
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pearance of ſmall whitiſh bodies) near the border, be 


tween the fkin and the baſe of the young anemoniey, 
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when they extend the latter. I might have been parti 
cularly influenced by the number of floating tranſparent 
globules, which, by means of the mieroſcope, I have 
often ſeen among thoſe filaments, and which appeared 
nearly of the fame texture: but it muſt be here obſervei 
that the illuſions of the microſcope are often very great, 
on account of the ſpherical form and tranſparency of 


thoſe globules, which at firſt ſight appear to have a large 
hole diametrically through them. The globules which, 


by means of the microſcope, are often ſeen in ſea · water 


this gelatinous ſubſtance, concernin g whole texture ve 


petit corps blanchätre vers les bords, entre la peau et la baſe des jeunes anemone, 


ticuliere à Faſpect de certains globules flotans et tranſparens, que *Pai-ſouvent 


pres de meme, autant que les illuſions microſtopiques permettent ꝙ en juger; eat 
ces illufions ſont fort grandes I cauſe de la ſphericitẽ et de la tranſparence de es 
globules, qui au premier coup d uil ſemblent perces dlamẽtralement d'un go 
trou; et le microſcope ſolaire ne m'a pas mieux ſervi que les autres à ce ſujet. Ces 
globules, qui d'ailleurs ſe rencontrent ſouvent dans Peau de la mer vũe aw mi- 
croſcope, ſont ſans doute remplis d'une liqueur ; et volla on fe terminent toutes 


mes connoiſſances. Sera- ce dans la ſubſtance gelatineuſe, dont la texture ne nov 
| eli 


en nn | 14 
e as yet perfectly in the dark? If ever we diſcover this 
texture, it will probably lead us back to a more diſtant 
mechaniſm, and this to another of a ſtill more delicate 
order: this laſt perceptible cauſe, will probably conduct 
us to the general order, that is to nature; and nature to 
its Author. But how ſatisfactary, bow uſeful may it not 
prove ta. unravel by degrees (althqugh perhaps with 
ſome uncertainty) even the cqarſeſt mechaniſm by 
which nature operates? Shall we ſuppoſe that the ge- 
latinous matter is nothing but an irregular, inco- 
herent ſubſtance? At firſt ſight the ſame might be ſaid 
of the white ſubſtance of the brain, althqugh it ſeem 


to have more conſiſtency; yet in many places it ap- 
pears fibrous, and if we could trace it through the 


nerves, we ſhould no doubt diſcover a moſt admirable or- 


ganization. The operations of nature in eggs, chryſa- 
lids, 
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eſt point connũe, qu'exiſtera le principe que nous cherchons? Si nous la con- 
noiſſons un jour, elle pourra bien nous renvoyer a un mechaniſine plus eloigne ; 
celui-ci à un d'un ordre plus delicat; et enfin la derniere cauſe appergue, a Vordre 
general, C'eſt à dire à la nature; et la nature à fon auteur. Mais combien 
n'eſt il pas ſatisfaiſant, combien ne peut il pas Etre utile, de developer peu 
à peu, quoiqu'avec quelque incertitude, le mẽchaniſme meme le plus groſſier 
par lequel la nature opere? Cette matiere gelatineuſe ne feroit elle qu'un 
corps informe ſans texture? a la premicre vie nous en dirions bien autant 
de la ſubſtance blanche du cerveau, quoique plus compacte; cependant en 
pluſieurs endroits elle paroit fibreuſe, et fi nous pouvions y ſuivre les nerfs, 


nous decouvririons ſans doute une organiſation admirable, Ce qui ſe paſſe 
L 2 dans 
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lids, nymphs, and a great number of marine bodies, ſeem 
to juſtify the opinion that there is, in certain humours, 2 
kind of organization which is impercepti ible to our eyes, 
and conceals from us great and important myſteries. All 
this muſt then be ſuppoſed to exiſt in the gelatinous 
matter contained in our ſmall fragment: and it is this, 
perh aps better than the reproduction of parts, that will 
point out to us at large, the imperceptible operations of 
nature in the formation of the fætus, of eggs, and per- 
haps of all that may be called a germ. It is thus that 
the different views taken of nature may mutually clear 
up. each other. 1 have not the vain preſumption to 
think that I ſhall be able to make a great progreſs in this 
dark career; all I boaſt is, that I have dared to enter into 


it. I have great ex * from the experiments 1 
have 
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dans les ufs, dans les chryſalides, dans les nimphes et dans une aſſe grande 
quantite de ſubſtances qu'on trouve dans la mer, &c. porte a croire qu'il 
y a dans certaines humeurs une forte d' organiſation qui nous echappe et 
qui couvre de grandes merveilles. Il faudra donc ſuppoſer tout cela dans la 
matiere gelatineuſe de notre petit lambeau : 1a, plus encore que dans les repro- 
ductions de parties, elle pourroit nous offrir en grand, ce qui precede en tres petit e. 
la formation du foetus dans Foeuf, et peut-etre celle de tout ce qu'on peut appeller q 
germe. C'eſt ainfi que les differens points de viie ſous leſquels on peut conſi- 
derer les operations de la nature, pourroient geclairer mutuellement. Je n'ai pas 
la folle preſomption de croire que je ſerai afſez heureux pour faire beaycoup de 
chemin dans cette carriere obſcure, je me ſens ſeulement le courage d'y'entrer- W 4: 
' 2 | | Te 
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have in view; A I ſhall be obliged to take up the ſab- 
ject far backwards: An accident has juſt now deprived 


me of my twelve little anemonies: the ſea-water was, in 
in the firſt days of March, ſo much troubled by the fall- 
ing in of part of the cliff, &c. that my great anemonies 
of the firſt and third ſpecies have conſiderably ſuffered, 
and all the ſmall ones of the fourth ſpecies. died in one 
day. Another accident had juſt preceded this, and had 
occaſioned the loſs of a whole year's labour: on the 28th of 
January, RE AUMUR's thermometer fell to 1 5 below the 
freezing point; I had then forty vaſes containing anemo- 
nies on which I was making experiments, and was at the 
ſame time attending to other avocations : notwithſtand- 
ing all the meaſures I had taken to prevent it, the water 
froze in ſeveral of them: my anemonies however would 
not have died, fince one of the firſt ſpecies, which I had 
OIL 
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Je compte beaucoup ſur les experiences que je medite, mais je ſeraĩ oblige de 
reprendre les choſes de loin, Un accident vient de me priver de mes douze petites 
anẽmones: Veau de la mer, dans les premiers jours de Mars, a ẽtẽ tellement trou- 
blẽe par Peboulement des falaiſes, &e. que mes grandes anẽmones de la premiere 
et de la troifieme eſpece ont conſidẽrablement ſouffert, et les petites de la 
quatrieme ſont toutes mortes en un meme jour. Un autre accident avoit precede, 
et m'avoit fait perdre un an de travail: le 28 Janvier, le thermometre de 
REAUMUR deſcendit à 155 de condenſation ; Javois alors quarante vaſes d'anẽ - 
mones de mer en experience, et mes ſoins ẽtoient partages par d'autres objets: 
queique precaution que j Jaye pris, l'eau de pluſieurs gela; mes anẽmones n'en 
ſeroient 
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on purpoſe fuffered to freeze out of the water; did net 
periſh; but they ſuffered a good deal, and I am deter- 
mined to avoid all uncertainty i in my experiments. 
If we judge of the multiplication of the anemonies of 
the fourth fpecies, by the mumber of young ones that 
are ſeen round the large ones, it muſt be very conſidera 
ble. This ſpecies alfo affords us a fingutarity which is 
not obſervable in the freſh-water polypi, that of multi- 
plying by tearing off, of its own accord, ſmall ſhreds 
from its body. 
Atthough the main Sjetto of this effay be the e 
tion of the fotirth fpecies, I cannot however omit ob- 
ſerving that ſeveral of its individuals, having been cut 
into two equal patts perpendicularly to their baſes, 
formed each of them two compleat anemonies. And 1 
beg leave to inſert here an obſervation on the firſt ſpecies, 
Which 
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ſeroient pas mortes, puiſqu' une de la premiere eſpece, que j'ai fait geler expres 
a ſec, n'a point peri-: mais elles ont beaucoup ſouffert, et je ne veux aucun 


equivoque dans mes experiences. 


A en juger par le nombre des petits qu'on trouve autour des groſſes anemones 
de la quatrieme eſpece, leur multiplication. eft tres nombreuſe: elle offre auſſi, 
comme on vient de voir, une fingularite que ne nous ont point preſente les 
polipes d eau douce, celles de fe multiplier en &arrachant elles memes des petits 
lambeaux. 

Quoique ce mEmoire ait pour objet la generation de la quatrieme eſpece, je ne 
laiſſerai pas d' indiquer que pluſieurs de ſes individus, coupes en deux portions 


Egales perpendiculairement à leur baſe, ont forme chacun deux anẽmones - et 
| Tinſerer 
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which-will in ſore meaſure ſupply the want of an eflay, 
the-publication of which is retarded. by the abovemen- 
tioned accident. | 


A FURTHER OBSER VATION- ON THE FIRST . SPECIES. 


TOWARDS the end of the year 1774, I cut in two, 
in a perpendicular direction, an anemony of the firſt 
ſpecies, which had been formed from a moiety of one 1 
had cut before, ſo th at each half was then only a quarter 
of the primitive anemony. "Theſe two halves had the 
fame fate as the firſt ſections; and one of them, after 
having been thus reſtored, and havin 8 been always kept 
by itſelf, produced, on the I ft of June 177 55 a young ane 
' WW mony as perfect as thoſe that are produced at ſea, and of 
the ſame colour as the mother. It muſt be remembered 
that 
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d'inſerer ici une notice ſar la premiere eſpece qui ſupplẽera en partie au mEmoire 
| dout les accidents que je viens de rappoter retarderont la publication. 


NOTICE SUR LA PREMIERE ESTE. 


A LA fin de 1774, je coupai par la moitie, dans une direction perpendicu- 
laire à ſa baſe, une anemone de la premiere eſpece, qui apres Vavoir ete, $'etoit 
reformẽe: chaque moitie n'etoit donc alors que le quart de Vanemone primitive. 
Ces deux parties ont fait comme la premiere fois; et une d'elles, apres $'@tre ainſi 
reformee, et avoir toujours vẽcu en particulier, me donna, le premier Juin 1775, 
une petite anemone, auſſi parfaite que celles qui naiſſent a la mer, et de la meme 
couleur que la mere. Qu'on-7uge-de ma ſurpriſe quoique je m'attende à tout; et 

fi 
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that in this ſpecies, the young ones are entirely formedin 
the inſide of the animal, whence they are put forth 
through the mouth; ſo that, whatever idea we may form 
to ourſelves of this ſpecies of beings, we can find no real 
analogy between any ſections from them, and thoſe torn 
from ſtems and roots, of certain trees, with a view to mul- 
tiply them. The young anemony we are fpeaking of is 
not large enough to favour the ſuppoſition that it had 
been ready for birth, in that part of the old anemony, 
for more than two years before; ſince ſome young ane- 
monies of this ſpecies, which I had kept in order to ob- 
ſerve their encreaſe, have in ten months time grown to 


double the diameter of their baſes, without my having 
ever taken the trouble to feed them: and it is beſides 
known, that it is uſual for theſe anemonies, when they 
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fi on me demande, comment ceci, comment cela? je repondrai ſans rougit 
(puisqu'on peut le faire maintenant) je n' en ſgais rien, On fe reſſouvient fans 
doute que, dans cette eſpece, les petits ſont entiẽrement formes au plus i intẽrieur de 
animal, d'ou ils naifſent plus ou moins gros par la bouche: ainſi on ne pour- 
Toit, quelqu' idee qu'on fe fit de ces animaux, trouver d' analogie reelle entre ces 
ſections, et celles qu'on fait aux tiges et aux racines de certaines plantes pour les 
multiplier. La petite anemone dont nous parlons n'eſt pas aſſez groſſe pour 
qu'on puiſſe penſer qu'elle ait reſte prete a naitre depuis plus de deux ans dans cette 
partie de lanẽmone primitive, puiſque des petits de cette eſpece, que J avois pre- 
cedemment gardes pour en obſerver Pacroiſſement, ont augmente du double de leur 


diametre en dix mois, fans que je prifle la peine de les nourir; et on ſcait d ail- 
leurs 
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are put to any pain, to eject all the young ones they 
contain. . 

The reſtored moiety nu Fares notes youn g ane- 
mony on the 7th of Auguſt, another on the 27th, one 
more on the Iſt of September, a larger one on the 2oth 
of October; whereas to this day the other half has nat 
yet afforded me a ſingle young one. Another circum- 
ſtar ce worth notice is, that the two halves of the origi- 
nal anemony never produced any young ones, neither 
during their recovery, nor after their reſtoration. 

Some perſons, who intereſt themſelves i in the progreſs 
of my experiments, induced me on the 27th of June 
laſt, to. cut an anemony of the firſt ſpecies perpendicu- 
larly into four parts. For this purpoſe I choſe a very 
large one, juſt taken out of the ſea; and on cutting it in 
that manner, it put forth twelve youn g ones. One of 
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leurs qu'il eſt afſez ordinaire qu'une ancmone, W elle waffe — incom- 


modite notable, pouſſe dehors les petits qu'elle renferme. 

Revenons à notre moitiẽ reformee : elle m'a donn une autre petite anemone le 
$ Aodit, une le 27, une le 1 Septembre, enfin une plus grande que les autres 
le 20 Octobre: juſqu'au 7 Mars 1776, que Jecris ceci, l'autre partie ne m'a 
poiut encore donne de petits. Une choſe qui eſt a remarquer, c'eſt que les deux 
moities de I'anemone primitive, ni en ſe reformant, ni apres tre reformees, 
ne m'en avolent donne aucun. X | 

Quelques perſonnes qui $'intereſſent à mes experiences, m'inviterent le 27 
Juin dernier, a couper, perpendiculairement à ſa baſe, une anemone de la premiere 
eſpece, en quatre parties, comme jen avois coupe en deux: j'en pris une aflez 
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theſe quarters adhered the next day to the ſide of * 
vaſe: on the zoth it had crept to the ſurface of the 
Frater. It looked healthy till the middle of N ovember; 
but at the end of the year the wound was not yet per- 
fectly healed: nevertheleſs, a few days after, it put forth 
A youn gone of a tolerable fize. The cold of the 28th 
of January ſeems to have accelerated its diſſolution. The 
ſecond quarter had nearly the ſame fate, except that it 
yielded no young ones. The third produced, on the 6th 
of September, a young one of a very ſmall ſize. On the 
15th the wound ſeemed to be cloſed, but its place till 
appeared of a pale colour, tranſparent, and conſiderably 
depreſſed. On the 3oth it put forth another ſmall young 
one; and on the-26th of October, a third of a ſomewhat 
larger ſize. On the 29th of January 1776, after the 
water had been often frozen, I ſaw it put forth three 
1885 young 
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groſſe qui venoit d tre pechee, et en la coupant ainſi, elle me donna douze petits, 
Une de ces portions sattacha le lendemain aux parois du vaſe: le 20 elle 
etoĩt mont&e à fleur d'eau : elle a fait bonne figure juſqu's la moitic de Novem- 
bre: à la fin de Vannez la playe n*etoit qu'imparfaitement eonfolidee ; peu de 
jours avant, fans avoir l'air vigoreux, elle avoit donne un petit un peu fort. Le 
froid du 28 Janvier a paru accelerer fa rulne. Il en a été a peu pres de meme 
de la ſeconde portion comme de la precedente; mais elle n'a point donne-de 
petits. La troifieme m'a donne un petit dune petiteſfe extreme le 6 Septembre. 
Le 15, la playe paroiffoit conſolidee ; mais la marque en etoit tres ſenſible pat 
la couleur pile, la tranſparence, et un reſte d applatiſſement. Le 30 elle ma 
donn un petit tres petit, et le 26 Octobre un un peu plus 08 Le 29 * 
1770, 


- wi t- on — KIN "4 
role eben moderate-ſize. On the 31 it produced 


a ſeventh ;- but ſince the froſt it has ever appeared in a 
weakly ftate. The fourth quarter, after ſeveral chan ges 
in its ſtate of health, produced, on the 29th of Novem- 
ber, three young ones; one large, the other of a mid- *. 
dling ſize, and the third very ſmall. After the ſevere , *" 
cold it declined: it nevertheleſs, -put forth three more of 
young ones, and died one of the firſt days in March. 
Thus from three of theſe quarters I had no leſs. than 
fourteen young ones, beſides the twelve the animal had 
produced during the operation. The interior r . 
tions of the anemonies not only renders it difficult to cut 
them into four parts; but I have alſo obſeryed 2 that thoſe . 
ſections do not eafily recover a cyligdrical form, and 
that they are eaſily affected by fro or any other acci- 


dent. This therefore is an experiment -of litfle uſe, 


* which 
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1776, après que Peau for g 4 * fois, j 7 ai "v6 naitre trois petits de 
moyenne groſſeur. Le 31 Fevrier elle men a "done un ſeptieme; mais depuis la 
gelce, elle a Wit mauvaiſe figure. Apres des alternatives de bon et de mauvais 
tat, laquatrieme s eſt rẽ forme, et m'a donnẽ le 29 Novembre trois petits, Pun gros, 
V' autre moyen, et le troifieme tres petit. Depuis le grand froid elle alloĩt mal; elle 
a cependant donn encore trois petits, et s eſt dẽcomp ſee dans cs premiers jours 
de Mars. Voici donc quatorze petits donnes par trois de ces portions, indepen- 
damment des douze que I'anemone avoit rendũs en la coupant. Non ſeulement il eſt 
difficile de couper exactement une anemone en quatre, à cauſe des contraftions 
intẽrieures; mais meme j'ai remarque que ces portions avoient bien de la peine 


a reprendre une forme cylindrique, et que les accidens comme la gelee et autres, 
M 2 | les 


5 8 4 * . R : a * , 
; a 4 
* * 


% Abb? Dice HANES BIS Efby, cc. 
hie KT only relate on ac unt of he number of young 
— to ſhew, that even a quarter of an anemony 

tends towards refuming, and does ſometimes actually re- 
_ Fame the cylindrical form, which is the 18 0 of the 
by 8 animal when i it dilates itſelf. 

| pan — — ꝛ—— —ä 


TTY C'eft#Yonc une experience peu fructueuſe, que je ne 

* ane qu'a cauſe des pen; et pour faire conncitre que jus un quart 

* _Tangmone tend, et peut meme parvenir quelquefois a reprendre 1a bored 
22 qua Panemone entiere lors quꝰ elle ſe dilate. ti 
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equating on the effects of lanf-black; and tar, o or lamp-black 
and oil, as proteclors of bodies from the Arote of li 257. 
ning; with fomilar effects Ae 2 Re in obe CE 
artificial electricity. > 
a 
R. LEWIS, in his Philoſophical Com- 
merce of Arts, p. 364. mentions a 
Nina inſtance of the effect of a coating of lamp- 
black and tar, in preſerving thoſe parts of the maſt of a 
ſhip, which were covered with it, from damage by a 
ſtroke of lightning which ſhivered the other, that 1s, the 
uncoated parts of it, in a. very extraordinary manner. * . © 
The account 1s retited at large in vol. XLVIII. of the 
Philoſophical Tfanſactions. Captain NAIRNE, in His: 
Remarks on the Effects of Lightning, on the maſts of 
ſeveral veſſels which were ſtruck in the Baſon at Que-- 
bec'”, mentions, in his letters to ſome friends in London, 
no leſs than five inſtances, where the lightning paſſing, 


(a) His own ſhip, the Generous Friends, was twice preſeryed there by 
his conductor. | 1 | 


Read, Jan. 16 and 235 
1777. 


over 
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over thoſe parts of the maſts of the ſhips. which were 
covered with lamp-black and tar, or painted with lamp- 
black and oil; without the leaſt injury, ſhivered the un- 
coated parts (tearing out ſplinters five or fix feet in length, 
and fix or eight inches deep) in ſuch a manner as to ren- 
der the maſts entirely uſeleſs. A very curious inſtance 
of this kind hath lately been communicated to me by a 
learned and ingenious member of the Royal Society, from 
whom I received the account which! ſhall here inſert* ver. 
: Barn 
On the firſt of April, 1776, being on board a brig 
« in the latitude 34* N. our veſſel was ſtruck with light: 
„ning, which diſabled our fore-maſt. Upon getting the 
„whole of the top · maſts down upon the deck, I ob- 
1 ſerxed the following particul ars, wi ich regard to the 
Ri courſe and effects of the electrical matter. The light- 
ning had firſt ſtruck the pinnacle of the fore- top- gal- 
« lant-maſt (on which, at that tirge, there happened to 
« be no iron ſpindle, as uſual) which it juſt ſplit lightly 
« for about two feet and a half, where it was painted 


“ with lamp-black and oil (I could not, however, aſcer- 


« tain whether this part of the maſt had been newly 
« ſplit or not: it might have been firſt occaſioned by 
« driving in the iron ſpindle, whereon a vane is uſually 
4 placed; for there was a hole where ſuch a ſpindle had 
« been 


& been Gxed) and then the e ne gehn = 
« vered the reſt of that maſt as far as it was greaſed, till 
« it met the bottom of that and the top of the top-maſt, 
4 which. had likewiſe been coated over with lam p-black 
and oil, on an old coat of tar. Over theſe it glanced, 
« without any perceptible effect, till it reached that part 
« of the top-maſt which was alſo greaſed; this part it ſhi: 
« yered, ſplitting off large ſplinters which were thrown 
on the deck. The lower part of the fore-maſt being 
4 tarred, the lightning lid over it for about nine 
feet, without: the leaſt mark of violence; then darted 
«© into the fore-maſt, where it was greaſed; rived it ter- 

« ribly, tearing off fplinters as large as 2 man's arm,. and 
© four or five feet long, all the way down. It continued 
this courſe till it again met a. coat. of tar, which Was 
« laid on the maſt for more than five feet above. the 


deck; here its effects on the maſt diſappeared, and its. 


* courſe ſeemed to be divided different. ways by two at- 
tractixe bodies of iron; one, in a cleet faſtened to the 
fore-maſt, about ten inches below the top of the laſt 
mentioned coat of tar, by two large ſpike- nails: this 
* cleet with the nails was entirely ſtruck off; the light- 
ning then tore the canvas coating round the foot of 
the maſt” (about a yard below the cleet) without any 


© other hurt to the maſt itſelf; and from thence was. 
| <« attracted: 


* m * _ * FY 


« fon of the electrical matter darted from the maſt ti 
PF the belfry, about fifteen inches diſtant, tore off two 


— 


* * 


rer n a 
& 4 tel by a karge anchibr tying in a horizontal poſi 
te tion on the detk, about two feet from the maſt. All this 
« part of the electrical matter ſeems to have been thet 
« Tara bythe ditteretit conductord of the two fluke 
aid the main' ſhank of the anchor, without any othet 
10 aa ble a than tek A Leroy out t of a large iron 


40 Auk, and about tetr inches diſtant. The ether: divt: 


© cleers fatkened tit by large irotinails; then deſcendet 
«to the lar re iron kiriges which Hold the palls or ſtops 
« [ joined to the belfry- poſts) of the windlaſs, whert, 
« after teating off a ſmall nail or two, it totally difap- 
« peared. The belfty which was paitited was much 
+ ſplit, but fiot broke to pieces. The moſt remarkabl: 
« part of this accident, and for which the whole relation 
* is given, is, the effect of the tar and lamp-black ant 


« gil as repellents of the electrical matter; for in fou 


« inſtances, iſt, at the head of the fore-top-gallant-maft 
« 2dly, at the bottom of that and head of the top-maſt; 


* 3dly, at the bottom of the top-maſt and head of the 


6 fore-maſt; and 4thly, at the bottom of the fore-maſt; 


the lightning had glanced over all thoſe parts withou 


doing the leaſt damage, and had regularly darted into, 
cc and 


a. a ao in 2 Ao: 
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: —— Parts of thoſe maſts, 
8 « where they were covered with greaſe. This appears 
il ſo extraordinary to me, that I thought proper to take a 
4 note of it upon the ſpot, in order to occaſion the making 
7 < of fome philoſophical inquiries and experiments on 
a the ſubject by thoſe more capable of accounting for it 
« than myſelf: and for that reaſon the above relation 
may be depended on as juft and true, after a repeated 
« and critical examination of the ſeveral parts of the 
4 maſts which I have deſcribed. W. ?- 
In conſequence of this relation, and the hint which 
concludes it, I have been induced to make the following 
experiments. 1ſt, A glaſs tube, eight inches long, with 
2 bore or cavity of about a quarter of an inch diarneter, 
being filled pretty cloſely with lamp-black, and each end 
ſtopped with a bullet, the fter of which juft entered, 
and was cemented in the cavity of the tube, conducted 
the charge of a jar containing three ſquare feet of coated 
ſurface imſtantaneouſly, but with ſcarce any expluſion. 
adly, Such a tube being filled with a mixture of lamp- 
black and oil (as uſed by the painters) entirely failed to 
conduct the ſhock. 3dly, The outer ſurface of ſuch a tube 
being painted with lamp- black and oil, and excited with 
dry warm flannel, acted (the tube being alſo dry and 
warm) as a very ſtrong negative electric. 4thly, A piece 
Vol. LXVII. N of 


9 My: ithees: Experiments and 


of poliſhed plate glaſs being introduced into the circuit 
the ends of the wires which compoſed the circuit wert 
laid at about an inch and an half from each other upon 
the ſurface of the glaſs, when the jar above-mentioned 


being diſcharged, the poliſh-of the glaſs was always tori 


off in an irregular and deep line, extending from one 


wire to che other; but if a piece of glafs painted with: 


lamp-black and oil were thus introduced into the cir- 
Mit; and the diſcharge made as before, not the ſmalleſ 
trace of the electricity could ever be perceived on its fur. 
face. 5thly, If inſtead of the glaſs, a ſlip o writing- paper 
vas introduced into the circuĩt, it was torn in pieces by 
the exploſion, much of it flying about the room in the 
form of fine flue or down. G6thly, A flip of the ſame 
paper, painted with lamp- black and oil, received not the 
leaſt injury, nor ſhewed the ſmalleſt trace of the electri- 
city upon its ſurface; but the common oiled paper, with- 
out lamp-black, was torn. conſiderably, though not ſo 
much as the paper unoiled . When the charge of the 
* above-mentioned i is made to yrs between the ſurfac 


(5) Mr. cayaLLo,. who hath ſince repeated theſe experiments, ſings, that 
if the paper be very thinly painted with the lamp-black and oil, it will be torn 
-by the. exploſion; but having tried a piece of. the ſame that I had, uſed in my 
experiments, he was not able to make the leaft impreſſion on it. Lamp-black 
and tar therefore, on account of the greater tenacity of the latter, and its being 
- equally a non-conduQtor, ſeems to be the moſt. pope for the purpoſe... 
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of thick plate. glaſs, and that of a cylinder of ivory three- 
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trace on either of them, though the glaſz under them be 


ay 
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quarters. of: an inch diameter, preſſed by a weight of 
about fix or eight ounces Troy; che glaſs is abways hi- 
vered into very ſmall fragments, and part of it is ſome- 
times reduced to an impalpable powder. But thy, If the 
plate of glaſs be covered with a ſlip of writing paper, 
painted with lamp- black and oil, or with A ſlip of oiled: 
fil (ſuch as is frequently uſed for garments) the charge 
paſſes over theſe ſubſtances without leaving the ſmalleſt 


broken by the blow of the exploſion. 
From theſe experiments, and the obſervations above 
recited, I think the following corollaries may be deduced. 
iſt, That a charge of electricity, or a ſtroke of lightning, 
which is the ſame thing, paſſes, in many caſes, upon the 
ſurface of bodies, in a much larger proportion than 
through the interior ſubſtance of them, as appears by the 
maſts of ſhips, coated with lamp- black, &c. % and by the 
experiment above xecited, with the cylinder of ivory and 
the glaſs &c.; for in this experiment, the charge bein g re- 
ſiſted by the ivory (which however is ſometimes ſplit by 
the exploſion) forces a paflage between that and the 
glaſs, and being there confined by heavy weights, exerts 


(e) See a curious inſtance of this kind in M. ADANSsOR's Vormn to 
Senegal, P. 239. 5 5 
N 2 | its 
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its-expanfive power in ſuch manner as to reduce to the 
fmalleſt fragments the plate of glaſs then expoſed to its 
violent operation. adlly, This violent effort of the electri. 
city produces not the leaſt effect upon the farface of the 
Lip of paper painted with lamp-black and oil, or upon a 
flip of oiled filk, placed in the fame fituation. 3dly, May 
| not therefore a coating of lamp-black and tar, or bmp- 
black and oil, be in ſore caſes uſefully applied on flight 
buildings of wood, &c. to preſerve them from damage 
by lightning, as well as to prevent thoſe large cracks and 
rents (the uſual effect of the heat of the ſun) from being 
made in them? 4thly, As the effect of the lightning on 
the maſts of ſhips has been in ſo many inſtances pre- 
vented by a coating of lamp- black and tar, or larp-black 
and oil, it ſeems: probable, that a ſafe and fixed con- 
ductor might be applied to them in a very cheap and 
convenient manner, as follows ;. vis. let all thoſe parts of 
the maſt which are uſually greaſed, be provided with 
Plates of metal three inches broad, which plates might 
extend a few inches upon the other parts of the maſt 
which are coated with lamp-black and tar, or lamp-black 
and oil; and thus by the conductor of metal, and the- 
Protector of lamp- black and tar, placed alternately and 
extending the whole length of the maſt, it. would pro- 
bably be preſerved from damage by lightning. A 
| metallic 
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Phil. Tranſ. vol, LXIV. p. 412. This method of making 
conductors to ſhips, from its ſimplicity and practicability, 
I had ſome thoughts af zecammending to my acquaint- 
ance in the marine department; but there is one objec- 
tion to it, which I think a very material ofie, and ſhall there- 
fore ſtate it in its full force: it is this; the lamp-hlack and 
tar, or lamp- black and oil, though they protect, by their 
property of repelling the electric matter, thoſe parts af the 
maſt which are coated with them, yet being perfect non- 
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purpoſes, may perhaps deſerve enquiry, and the more fo, 


above recited, were much ſhi vered. sthly, As oiled ity 
ſeems to be ſo good a ſecurity againſt the effectswof a 
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| hats, covered with that ſubſtance, contribute in ſome. 
meaſure to protect the wearers (if overtaken by a ſtorm) 


from a ſtroke of ligh(fing? particularly, if the precau- 
4 tions 


2 5 


28 
metallie-communiicktion/ might be made from the that 
to the water in the manner I have before mentioned, in 


conductors, thoſe things or perſons hitH might bap- 
pen to ſtand in their vicinity (as in the tops, &c.} would 
be in danger af a ſevere.ſtroke, perhaps deſtrustion by 
the lightning. How far the other oil colours, c. thoſe 
prepared from minerals and metals, may anfwer theſe 


as the experinients are not difficult to make. The belfry- 
poſts painted with white lead, mentioned in the letter 


charge of electricity, may not garments, vis. cloaks and 


— 4 > $a — 


| wt Mr. urkeurd 
tions be properly attended to, which I have. before. re, 
commended from. Dr. aner, in Phil. Tranſ. wah 
XIV. p. 151. Ut eee eee 
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| 6 the elefricity of chocolate : and the e bfr. of that 
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HAVING un nn . my ingenious Biene 
Mr. .GEORGE ADAMS, philoſophical inſtrument- maker to 
his majeſty, that Mr. SANDERS, an eminent manufacturer 
of chocolate, had frequently obſerved a very vivid light 
flaſhing upon its ſurface, when cooling in the tin pans in 
which it is received from the mill; particularly in clear, 
froſty evenings, when it would alſo ſtrongly attract light 
fubſtances, ſuch as ſmall particles of duſt, bits of paper, 
firaw, thread, c.“; I was very defirous to aſcertain, if 1 
could the cauſe.of theſe phenomena. For this purpoſe 
I waited on Mr. SANDERS, in company with Mr. ADAMS, | 
and made the following experiments. Iſt, A large cake 
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- (4) The wax-chandlers alfo, in forming their ſticks, &c, of wax, are fre- 
quently ſpectators of theſe effeQts of electric atffaQion, F 
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— turned out of me tin pan, in which it 
had been ſet to cool; 1 preſented towards it Mr. AN- 
roms electrorneter, and odſerved that, at fix inches ; diſ- 
tance, the balls begin to diverge; and when they came 
within two inches of the chocolate (being ſuſpended over 
it) their divergence was fullaninch and an half, and upon 
examining their electricity, I found the chocolate to be 
in a plus or poſitive tate. 2dly, Having ſeparated another 
large cake from the pan, I touched it repeatedly with 
the knob of a ſmall phial, properly prepared for the 
Leyden experiment; then bringing that knob gently 
toward one of my kriuckles, I faw aſpark between them, 
and had a ſmall ſenſation ini my knuckle. 3dly, Having 
ſeparated another cake of chocolate from the tin pan 
which contained it, Itouched the cake repeatedly with the 
braſs ball on the neck of my Leyden vacuum, or analyſis 
of the Leyden bottle”, and inſtantly perceived a moſt 
beautiful and Lie panel of rays darting from the wire, 
and ſpreading theniſelves through the bulb towards the 
coated part of the bottle. 4thly, Changing the poſition of 
the bottle, I preſented the coated bulb towards the cho- 
colate, and then perceived (as I expected) a ſmall lumi- 
nous ſpark upon the point of the wire in the neck of the 
bottle; completely Patin g the electrical quality of the 


(e) Deſcribed i in Phil. Tranſ. vol. LXIV, b 400. 
- chocolate, 


» 1 
choculatty and eren its” Arsen in: the expeits 
bio Bete, re G Sn RT. . 
_ :-Before I hed an opportunity of making this tom 
plete inveſtigation; I had ſeparated a piece of chocolate 
from the tin fan in which it had bern cooted, and accis 
dentally left, far forme” months, under ar open counter 
3f a ſhoꝑ, expoſed to duſt, damp. air cc. notwithftand: 
ing which; on its ſeparation! frum the pan, it attrafted i 
thiread' of trial at a quamer of an inch diſtancg. Ithen 
took a guarter of a pound af chacdtate, and having 
melted dt in an iron ladle, 'paured : i ino tin part, ani 
the nent day (it being perfecly cooled) feparated it from 
the pan, and found it firongly ele&rified pur; but as the 
electricity was ſaon loſt by handling (owing, I fappoſe, 
to the large quantity of conducting matter contained in 
it) 1 melted it again; hut produced no electricity which 
1 imputed to the chocolate having became very dry and 
powdery. I therefore melted it a third time, adding a 
little oil of turpentine; but this trial alſo (perhaps from 
the evaporation of the ſpirit) failed. I then melted it the 
fourch time, and added a ſmall quantity of olive-oil, fuf- 
ficient as 1 imagined to reduce it again to its original 
coniſiſtence, and having cooled it in the tin pan as before, 
1 found on removing it, that its. electricity was completely 
reſtored. The large proportion of phlogiſton in oil is 
well known; and as the addition of oil to the chocolate 

completely 
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completely reſtored its electricity when l 
an indication of a great affinity at leaſt between ptllogiſ-/ 
ton and the electric fluid, if indeed they be not the fame 
ming“? Further, as electricity is produced in the choco- 
late by heat and friction, and manifeſted by its uſual 
phenomena in the cooling of that ſubſtance, query, may 
not electricity be produced from the other oily nuts, ker- 
nels, or ſeeds (particularly thofe of the torrid Zone) | 
treated in the fame manner? 
However, as the electric matter is refident ! in, and max 
be diſengaged from, all the fubſtances we are acquainted 
with; as the air is at all times replete with it; as its ope- 
ation is ſo ſecret, ſo rapid, and at times ſo tremendous; 
as it is ſo eaſily excited or put in action by friction, by 
heating and cooling, and perhaps by means we are totally 
unacquainted with; I think we may ſafely conclude, 
that electricity, as it is one of the moſt powerful, is alſo 
one of the moſt important, agents in nature. Many uſe- | 
ful diſcoveries have been made reſpecting the action, in- 
fluence, and effects of this ſubtile fluid; but certainly 
much remains to be done, and the field for future la- 
bourers ſeems daily to enlarge. Indeed, notwithſtanding: 
the number of diſcoveries in electricity this age may 
juſtly boaſt of, I cannot but be of opinion (which I men- 


A thick ſcum from the ſurface of ſome linſec=Joil expoſed to the air, and 
thoroughly dried, became a very ſtrong negative electric. 
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Odſervations on Nah New and i angular Pbeno mena in 1 ex 
cited and charged glaſs; ; with experiments made in con- 
ſequence of theſe phenomena, further illuſtrating the 
Franklinian theory of the Leyden bottle; and a deſcrip- 
_ tion of the apparatus confirutted for that purpoſe by 
Mr. HENLY. 


H AVING carefully repeated the experiments with 
the two coated plates of lookin g-glaſs, mentioned in my 
paper on Mr. voLTAa's machine, and finding with Mr. 
LANE, that they exactly agreed with the account given 
by Mr. SYMMER and Mr. EELEs, I was defirous to be ſa- 
tisfied whether glaſſes of a different thickneſs would be 
differently affected in the experiment. F or this purpoſe 
I tried two large ſquares of crown or window-glaſs, and 


found them to charge and diſcharge exactly as the look- 
ing-glaſs plates had done; but on trying the experiment 
with two plates of Nuremburg glaſs, commonly called 
Dutch plates, I was not a little ſurpriſed to find that each 

af 


do- eee charging Aa 
tive and a negative furface;; und that having repliced 
them, and made the diſcharge as in the Leyden experts - 
ment, the electricity of all the ſurfaces was changed, 
though it appeared to be very ſtrong, and continued to 
give repeated flaſhes of light, when the plates were al- 
ternately cloſed, touched, and ſeparated, as the looking- 
glaſs plates above mentioned. If a dean dry uncoated 
nlate of looking-glaſs was placed between the coated 
plates, either of looking-glaſs or crown-glaſs, before they 
were charged; that uncoated plate was always found, 
1M upon ſeparating them after charging, to be electriſied 
negatively on both its ſurfaces; but if it was put between 
the Dutch plates, it acquired, like them, a ; poſitive and a 
negative electricity. As this phenomenon was not fatiſ- 
factorily accounted for; it occaſioned much converſation 
with reſpe& to Dr. FRANKLIN'S theory of the Leyden 
bottle, which 1 had myſelf (as I imagined) ſatisfactorily 
explained and even demonſtrated. 1 was, however, 
ſoon convinced, that that theory is not ſo generally 
received as I imagined; for I met with a number of 
gentlemen who not only doubted, but ſeemed abſolutely 
to deny it. This induced me to make ſome further ex- 
periments, in order (if 1 could) more fully to illuftrate 
that theory, and to put the matter out of doubt. For 
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| — jar-was/ coated? and fi 
im fig. F. . 
and which ſũpports the jar; >: a ſocket of metal which 
ſupports x rod of glaſs K; F 4. curved wire or plate of 
metal with points, not very fharp; this wire or plate of 
metal is faſtened to the end of a bras rod o which rod 
is moveable at pleaſure in a ſpring tube n, that tube being] 
fixed. by a ſocket upon the top of the glaſs rod E. The 
charging wire of the jar communicates with both parts of 
the inſide coating of the jar by horizontal wires (the end 
af which are bent a little downwards) fixed at right an- 
— 3 K Ro 


" THE. USE: or THE: DOUBLE COATED: TAR>. 


According . 
' of the electric matter. which i is thrown. upon one of the 
furfaces of glaſs in the operation of charging it, is at the 
fame time repelled.or driven out from the other ſurface, 
and thus one of the ſurfaces becomes charged Plus, the 
ether minus; and that this is really the caſe is, I think, 
fatisfactorily proved by this contrivance. For example, 
Place the jar as uſual, with the knob 1 in contact with the 
prime conductor; then work the machine, and the appa · 
ratus being perfectly dry and in good order, a ſmall lu- 
minous ſpark will appear upon the upper point of the 


wire P (a plain indication that the point is then receiving 
6 | 


electricity 


| — r 101 
e Gem ce upper ring of coating on the outſide 
lor the far) ahda fine fireath er pencil of rays i at the 
Hine time fly off, beautifully diverging from the lower 
Point of thie wire y upon the bottem ring of cbating on 

the jar. When theſe appearances ceaſe, which they wil 
45 foo = the Jar becomes charged, let a pointed wire be 

preſented to the prime conductor; this will foon 
diſcharge the j jar ſilently, during which the lower point : 4 
of the wire y will be illumined with the finalt ſpark, , 
while the-upper Point of thie wire wif. throw off a fine 
pencil of rays, diverging towards the upper ritg of coat- - 

ing, to- which it ftands contiguous, as upon Dr. FRANK 

LIN's hypothefis i it ought to do. A wire of the ſame form 
as that marked 7 may be inſerted on a ſmall electric ſtand, , 
fitted by a proper baſe to the bottom of the jar on the 

inſide; this will ſhew the NIE when the Jar is 
charged negatively. . po | 
The fame experiment may be very cohtventenity made 

with a large pane of crown glaſs, coated in two places 
at a proper diſtance from each other (fig. 2:) leaving a 
ſufficient. quantity of. glaſs uncovered quite round the 
two coatings. This coated plate of glaſs ſhould be fixed 
in à frame, and mounted upon a proper electric ſtand. 

Another ſtand of glaſs or ſealing wax ſhould be provid, : 


(e! Mine is eighteen inches by fourteen inches, - 


to 


402 My... HENLY s. PA a: 

0 ſupport à Wine or piece of metal placed horizontally 
and curved-Go. 3s, to, bring the ends of it, which ſhoulf 
have blunt points, within half an inch, diſtance of the 
two tin- foil coatings on one of the ſurfaces of the glaſt 
on the oppoſite ſide of the glaſs, two. wires, bluntly 


Pointed, are alſo to be employed; ; one of theſe i is to com- 
municate with the prime conductor, and to throw off the 


electricity from thence upon one of the coatings « of tin. 
foil placed contiguous to it; the other wire is to commu- 
nicate with the earth, ſtanding in a perpendicular direc- 
tion, with the Point bent towards. and reaching within 
Half an inch of the other coating of tin · foil (on the ſame 
"ſurface of the glaſs) to receive the. electricity thrown o off 
Wil that coating, while * oppoſite ſide . ĩs Fharging: 
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The apparatus being perfectly dry (che 8 par 
of the glaſs and the frame, &c. ſhould be varniſhed), 
clean, and in good order; the plate of glaſs ſhould be ſo 
fixed, that each of the four coatings of tin- foil may come 
within half an inch of the point of the wire oppoſed to 
it. The apparatus being thus placed, if a powerful ma- 
chine be worked in a dark room, the electricity will be 
ſeen to ĩſſue from the point of the wire in contact with 
the prime conductor —_— one of the tin-foil coatings A 


(fig. 


E: - bog 12 n — 183 
a ent u ehe, 4 ai t 30 
oh che other fide of the gls "throwing off, at thE Line 
time; art” equal quantity'of the Electlic fri atter; (viſible in 
the form of a ſmall vurtinoüs park; upon the point '6f the 
inſulated wire x) is thus left in a negative ſtate.” The 
electricity j paſting g along the infulated wire, flies off from | 
the other point of it in a pencil of rays, divergin g upon 
the tin-foil coating e (fig. 2.) on the fame ſide of the 
glaſs, charging it poſitively; while the oppoſite coatin 4 
D (fig. 3.) throws off its electricity, which i is received i in 
a ſmall ſpark upon the point of the wire (o) oppoſed to 
it, and communicating with the earth. Thus, by the 
ſame operation of the cylinder, may a poſitive and a ne- 
gative charge of electricity be obtained at the ſame time 
upon each furface of the glaſs; p and by applying two 
curved diſchargin grods (which ſhould have glaſs handles) 
at the ſame inſtant, ſo as to come nearly into contact with I 
the coatings upon each ſarface of the glaſs, the whole 
will be diſcharged together; or if a pointed wire be pre- 1 
ſented near to the prime conductor, they will all be diſ- p 
charged filently, and then the appearances on the points | 
of the wires will all be reverſed; that which was a bruſh 
or pencil of rays being now a ſmall luminous ſpark, and 
that which was a luminous ſpark being a bruſh or pen- 


cal of rays. If the machine be very powerful, the 
rubber 


79%. Mr. | HENLY'S, Experiments * 4 
rubber may be inſulated, and a blunt pointed wire, dom. 
municating with the earth, Ay - be placed within | 
an inch of it; this wire, whill the plates are, charging 
will throw off a beautiful Pencil of rays diverging upon 
the rubber, and thus .compleatly. exhibit the progreſs of 
the electricity through all the apparatus, from its exit 
out of the earth to its entrance into the earth again: and 
its return max be manifeſted by reverſing all the ap- 
pearances upon the points of the wires, in the operation 
of diſcharging the Slaſs ſilently by a poinited \ wire pre- 
ſented toward the prime conductor, as above directed. 
Another very ſatis factory method of demonſtrating the 
truth of Dr. FRANKLIN'S. hypotheſis i is as follows. I take 
a bottle, containing about one hundred ſquare inches of 
coated ſurface, properly prepared for the Leyden expe- 
Timent, and holding it by the wire, I ſet the coating upon 
the prime conductor, and charge it negatively, (fig. 6.); I 
when charged (if not. too dry) the upper edge of the 
coating will throw off one or more pencils or bruſhes of 
light into the air, which: viſibly incline towards the 
charging wire of the bottle, and ſometimes actually reach 
it. If I hold the bottle bythe coating, and preſent the knob 
to the prime conductor, charging it poſitively (the bottle 
being in a proper ſtate) a ſmall ſpark. of light firſt appears 
upon the edge of the cork in the neck of the bottle, through 

which 
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appearances may be produced at p 


| which js coated in the 0 
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| Objervations 3 in aeg, 10 8 
e wire paſſes; bes adder a. few turns ol the globe, 

this ſpark. 3 ak fine bruſh, darting out from the 
cork, : and | graduall ly J lengthening, >, till it forms a beautiful 


arch, the end of lat 


I PP 


it 28 I extending downward, 
till it reaches Ms of the coating a ard reſts n it 


r. J 


the my ingenious 2 
great ſatisfaction; and affured me, Ie he thought 
them ſame of the molt | convitcing he nad ever ſeen 
exhibited for the purpoſe. IF the > bottle be ary, it will, 
in both caſes, be diſcharged ſporitanecufty; but if the 


uncoated part of the glaſs be then breathed upon, the 
at pleaſure. I have lately 
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prepared another bottle fo r this purpoſe, the inſide of 
wal manner; ! but che outſide i is 


* N 


© ES 


0 ! and a worthy mend 


covered with ſquare Pieces of Tin-foil about 4 quarter 0 of 
an inch broad, and Fon che- teeth of an inch 
diſtant from "rack othe „ the bottom is compleatly co- 
vered with the coating (fg. 2 If i in charging this böt⸗ 
tle, the electricity paſſed abſolutely through the glaſs, it 
would find a ready conveyance by the coated bottom into 
the table (and then indeed it could never be charged at 


all); but the truth is, that this bottle does not become 


charged till ſtrong flaſhes of electricity have paſſed, 
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about three-quarters. of an inch deep, and painted with 


diameter, were introduced; the braſs balls being placed 
Placed a ball of the pith of elder, half an inch in dia 


a bottle, containing forty ſquare inches of coated ſurface 


0 * off { 5 1 4 N 
7 0 1 24 N ALY! 'T 2 " 80 


diverging in different directions quite round i it. bis: it be 


diſcharged by bringing 2 pointed wire near the wire, or 
the prime conductor, with 3 which! it is = contact, the Noiſe 


8 


it occaſions much reſembles the repart of a fired cracket; 
and the uncoated | glaſs , between the {pots of tin-foil is 
very. brilliantly illuminated. If the bottle Uiſcharges 1 It- 
ſelf ſpontaneouſly, or be diſcharged ſuddenly, by making 
a regular communication by the rod between the twoſur. 


faces of the glaſs, the whole outſide ſurface ſeems to be 
illuminated. _ To produce theſe fie nces the glaſ F 
«SI wits 77 IB 


11714 


muſt be thoroughly dry. 


fr 
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A ſmooth piece "of mahogany, two inches ſquare anl 
An anche long, was hollowed into an elliptic groove, 


lamp- black and oil. Into this groove two wires, termi 
nated by braſs balls each three-quarters of an inch in 


ty —— 2 as ans 


about one inch and an balf from each other : : between 
the braſs balls, at an equal diſtance from each, wa 


meter, nicely turned in a lathe. The apparatus being 
thus adjuſted, and the circuit compleated by a ſhort chain 


= g- 


ge 
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bottle was charged poſitively o or negatively; the pith-balt 
conftantly | moved i in the direction of the fluid, according 


to Dr. FRANKLING 5 hypotheſis. This is a delicate experi- 


ment; but, as I have perfectly ſucceeded in it; T thought 


it proper to give this ſhort account of it. Perhaps if the 
pith-ball were ſuſpended by a filk ſtring, it "ow anſwer 


S.CT 


the purpoſe as Well; but this I have not tried. 
rb. e ee e 


* 4 9 


in melting ſmall wires ſome inches i in lerigth, 1 have 
often obſerved the wire to become red-hot, firſt at that 
end in contact with the diſcharging rod, and the redneſs 
has proceeded gradually and regularly towards the coat- 
ing of the jars or battery; plainly and fully demonſtrating 
the direction of the electric matter in the diſcharge of 
the jars or battery, which, for this experiment, were al- 
ways charged poſitively. This phenomenon hath alſo 
been obſerved by Mr. BELL, and many times op Mr. 


NAIRNE» 


EXPERIMEN T. 

Before I quit the ſubject of the Leyden bottle, I mall 
mention one experiment more which I have lately made, 
and which gives : a full and compleat anſwertoa paragraph 


in Dr. PRIESTLEY's Hiſtory of Electricity, 2d edit. p. 465. 
L 21. It is this: I procured ſome phials coated with fit- 


P 2 ver, 


| h 107 hs 
was many t times diſcharged through its ati whether the 


vans. - 
-- = * 
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ver; by: burning it into the very ſi ſubſtance of the glass, i in 


that the- electric matter, being once thoroughly excited 
and: put in action, is not ſo ſoon. as might be expecteſ 
reduced again to a quieſcent ſtate, eſpecially in bodies fo 
peculiarly adapted to affect each other as theſe appear to 


looking-glaſs, crown-glaſs,. and Dutch plates. I alfo men- 
tioned Dr.-PRIESTLEY's obſervations on the rgHuum of 
us battery; and in a note to that Paper, I added an ex- 
periment made by my friend the rev. Mr. HEMMING, 
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ſuch a manner thatnothin Scan! remove n withoutinj juring 
the glaſs- tagether with. the metal. Glaſs. thus coated 
and burniſhed. has certainly. a- moſt elegant appearance, 
has no inequalities or points upon its furface, and charges 
as high. and as readily as. when it is coated with. tin-foil; 
fuch glafſeswilldiſcharge ſpontancouſly,and one of them, 
which was very thin, was burſt by the exploſion; an acci- 
dent which, by this double annealing, I was in hopes to 
have prevented, but was ſorry to find m yfelf diſappointed 
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In my remarks on Mr. vol Ts curions little machine 
ately preſented. to the Royal Society, 1 have obſervel 


be. As a proof,. I introduced. the experiments with the 


F. R. 8. Who ſhewed me a ſmall bottle, which then at- 


tracted. a thread of trial, though it had ſtood in a cup- 


E board 


83 in Ekfiricity. | 309 
board in his ſtudy ſeventy days from the time he charged 
it. I alſo mentioned a ſingular effect of his cylinder, 
which Will, ſeparate the balls of Mr. ANON electro 
meter, at twelve or fourteen inches diſtance, ſometimes 
4 fortnight after uſing, though the air of the room may: 


uſed to deſtroy that power in the interval. As the detail: 
is curious, I. ſhall here inſert. one ſet of experiments, 
as I find them regiſtered in a. journal, which Mr. 
BEMMING took the trauble to make for my ſatis fac 
On May 13 1276, the cylinder was uſed, and 
— placed in the cupboard at Io o'clock A. M. it ſepa- 
rated the balls at ſeven inches diſtance. The power was. 
then entirely deſtroyed. by breathing an it, and the elec- 
tricity maxked o. From that time the journal. proceeds 
as follows: 


Diſtance at which the 


Day. Hour. 
2 balls diverge. 
May T3: , I A. . 7 inches. 
90 8 A. M 13 
Breathed on it once, 9 
Ditto four times 3 
Door open till 9 A. M. 4 
14 r 7 
75 P. M. 6 
LO. P. M. 62 


have been many times changed, and a variety of methods 


fo „f 5 


" Dip 


Breathed on it twice; - | 24 4 


May 14 101 P.M. 
E 8 r. . 
Door open ten minutes, 
9 r. M. 
Io P.M. 
The power deſtroyed by flame, 
16 7 A. M. 
A 8 P.M. 
IT P.M. 
Deſtroyed by flame, 


20 A fire in the room the whole wy. 


4 r. u. 

8 P.M. 

10 P. M. 

21 7 A. M. 

9 P.M. 
Deſtroyed by ** quite round 


22 


10 A. M. 


Applied flame quite round the cylinder, 
1 P. M . 


7 A.M. 


I2 


14; wind N. 
* wind N. 
7 

0 


II: wind N. 


Q 


T 
7 


0 A. 
< *R. 1 — 0 b 
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Day. 5 . Dee 2 which the 
| A balls diverge. 


May 22 4 P.M. I 2+ inches. 
0 8 P. M. An Oo © 2 02 1 
101 P. M. 2 


23d, Mr.  HEMMING ſhewed me the experiment, when I 
ſaw the balls ſeparate at twelve inches diſtance from the 
cylinder. The cauſe of theſe phenomena is, no doubt, 
the excited electricity lod ged in the pores of the glaſs 
acting upon the vapour in the air of the room, and pro- 
ducing a greater or leſs effect, as circumſtances may 
contribute to increaſe or diminiſh i its operation. The cy- 
linder was now uſed again, which cloſed this ſet of ob- 
ſervations. Mr. HEMMING has added a meteorological 
journal for the time; but the particulars of this I did not 
think it neceſſary to introduce i in the above extract. 


A.SECOND SET OF OBSERVATIONS. 


Feb. 3, 1777, the cylinder was excited, and from the 
5th to the 14th no fire had been made in the ſtudy. 


Day. Hour. Diftance at which the 
"Sat | balls diverge. 

14 r 7 inches. 
| 10 P. M. 2 

198 | 9 A. M. II 


(+) This was the firſt time, ſince Auguſt or September, that T had obſerved 
my ey linder to retain its attractive power longer than twelve 04s after being 
excited, though it was conſtantly kent in the ſage place, and, as well as 1 can 


obſerve, under the very ſame cixcumftanges, 
| Feb. 


16 


17 


Abſent till 2 ad, 


23 


24 


'A wo five in the ſtudy the whole day. 


2. He, We 
5 
8 7. M. 


10 Pp. N. 
9 N. 
| 6 Pe M. 


LI Fe Me 
87 A. NM. 


6 P. M. 
7 P.M. 
11 P. M. 
8 A. M. 
3 v. u. 
| 5 P. u. 
9 r. u. 
IL F. M. 
9 A. M. 
12 


3 r. M. 


1 7. M. 
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O 
3 
18 
3. 
2 
0 
2 
8 
2 \ 
* 
0 
7 
2 
0 
0 
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0 
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b. 


The fire in the dy pur one at noon 
1FIHOME 34:1 10 * BY, P. M. 
Aren „n. 


I F. Mu. 
P. M. Gs 


Abſent til 8th, 


P.M. : 
en 
9 J A. 1 ; . 
. u. 0 
10 8 A.M, 


The cylinder was now excited again, which cloſed this 
ſet of obſervatians. Theſe changes inthe electricity ſeem 
very extraordinary, and I think them not eaſily to be ac- 
counted for, as they happened in ſtates of the weath er 
which were totally different. I regret, however, that an 
accurate and ſenſible hygrometer was not obſerved the 
vol. LXVII. OQ whole 


1 rr TE 


whole tirne; and for ſuch a.purpoſe l ſhould recamumeng 
ons COVENTRY 's, made with a number of circular pieces of 


. ie paper, amounting to à certain weight, thorough 

heated and ſtrung on a thread kept ſeparate fro va 
other by a ſmall glaſs bead; ani ſuſpended on one of the 
ends of a lever, nicely poized,” and turning freely on i 
axis; the other etid ſerving as in inder to A graduated 
ſcale, on which it ſhews the weight of the moiſture im- 
bibed at any time by the papers. This hygrometer, from 
its extreme ſenfibility, 1 ſhout chooſe, I ſay, to recom- 
mend for this purpoſe, wy preference * other tha 
1 have ever ſeen. fest;“ 0 Nun 


HAVING lately Had ſion to ſhew the experi 
ments with the coated Dut Plates to an excellent elec- 
trician (Mr. CAVALL0) and having charged them as high 
as I could, and ſeparated them'l think rather more expe- 
ditiouſly than uſual, I Was aftoniſhed to find, that the 
very fame plates I have ſo often mentioned were now 
charged, we one poſitively, the other negatively; on both 
ſurfaces. ; 1 ther" laid them together, and having made 
the diſcharge 5s uthat;1 ſeparated them, and found ont 
of the plates neg ative 6n both fides; and the other plate 
q Poſitive on one ſurface, and negative on the other. Here 
a Was a new cauſe of admiration, and I Was utterly at a ok 
to account for it, as the plates had in every inftance be- 
» J. * fore 


- 2 = , 7 4 — ' 5 g TY * a a” 
oe x 4 y f | Y : 
| $5. 1 
* - _—_ << wy | s 
I | ns . . Wo . ® * 5 - 
* mm 5 
- . 0 * * 
= =- 4 . 
* 


fore” uniſornmly-acded as rehpreſruted in my paper. At 


length I recollected; that chis experiment had been made 6 
rather more expeditiouſly than. uſual: I. therefore re- 
peated it, and having allowed ſomewhat more time be- 
tween the removal-of-the-plates fzom the prime con- 
ductor, and the ion of them, in order to examine 
their electricity, T bd 0 on each plate a Poſitive and a 


es een —— them and made 


Auen was wry I P circum- 


ſtance, to ſhew how ſmall a difference in the manner of 
making an experiment, will make an-efſential difference 
alſo in the reſult. There is: ſomething; however, very 
fingular-in this Kind of slafs, vhich-Iibelieve is owingꝰto 
its not being properly atmealed; for L orice met wh a 
plate of it Which I fond very difficult: to charge at all; 
and hen a ſmall quantity of electricity had been forced 
ittto it, it dH pate proporfienably' ſooner, without, the 
We of the diſcharging rud- vaby boliaro sd Dorint 
N Im glaſs, properly” anniealed, whether! in the e | 
plates or jars, prepared for the Leyden-experiment; the 
diffipation'6f the electricity is; in{othe ſtates of the atmo- 
Tphers; a remarkable, and ſometimes (when there is not 
4 fire in che room) a diſagreeable circumſtance: this ef- 
Ted; however; iti tlie jar itſelf, may be in a great mea- 
ſure prevented, by having the uncoated part of the glaſs 
| Q 2 | neatly 
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— to obferve, that Mr. neMwings bottle, which rei 
ained its — Miah RS 26 manner. 
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containing . n and ob ſer vusiouns on A 
voll rs machine, by Mr. TivzrIus "OY 
"Oe 1 HENLY. eee ecu aa 
8 cadets 4 ee Goreral a 
the preceding enquiries, hath lately been made by Mr. 
 CAVALLo, by coating the glaſs plate (about fix inches in 
diameter) with ſenling-wax. With one excitation of this 
plate he ſoon charged a bottle compleatly, and with that 
charge pierced three holes in a card, which he hath fince 
inverted the excited plate, and ſet the brafs plate upon 
ſtrongly excited, ſo that fparks, two inches long, might 
be drawn from the braſs plate, the excited: was, &c. 
was placed on an electric ſtand, and the proceſs continued 
as uſual; the ſparks from the braſs plate; preſently: dinay 
© (4) The vajuilhing thould'be/ſeverit ticaes epeated, | 


i | 
niſhed, 


| ——— _ 
ame. and ina Mon; time, amok totally cexſed; this, 


ſurfaor.of the gla@and the table wer mutually affected | 
in the operation, as well as that, inthe excited ſealing-wax 
and the braſs plate. I have ſeen one of theſe machines, 
made by Mr. CAVALLO, act fo ſtrongly that, upon ſepa- 
cating the braſs plate from the ſealing-waz, a flaſh bes 
ftruck. from. the brafs toward. the tahle, and it has, beſides 
given a ſtrong ſpark upon the knuckle, when heldat up- 


raiſed from the wax, be preſented with. its, edge toward 
the war (lighely touching it) and thus drawn over. its 
mee of the plate, he obſerves, will be 
negabivs) fine in whick-the excited wars Efron ther 
worm of the braſs plate. * 2 9 an 

. REEL 
ftrong, that the: Ds AA Rory yp lifted 


eee een eee eee (in contact 
with each: other) not the leaſt fign of electricity has been 


0) Trhas been ſoppoſed by ſome-gentleann, that the very {lame quanzity.of 
electricity imparted by the finger to the plate on touching it, was emitted again 
by the plate on removing it from the elektiie end preſenting it towards! the 
kanckle; and that vherefors; in air perfefily dry, tis machine would-at al 
Umes. exhibjs. its phenom without 3 freſh. , excitation of the cleftric, and 
chus merit the appellation of a machine for exhibiting, perperaal oleRtziciry :! bat 
the fakt above mentioned entirely refutes that ſuppoſition. 

2 diſcoverable 


wards of an inch diſtance. If the braſs plate, after being 125 


© whic 


M6 ee ay 


118 
Adis Ga fe AEpukatäbri! f Fer- is over? kits (Ats 
cine from'exhibiting perpetual electricity. Itideedj i 
this particular; N is far excetded by Mr. nns apparati 
of the cone of frilphut'in-mhe glaſs, which bm heing f 
parated,” I habe never perceived to fail of exhibiting 
ftrong' figns'of electricity, in every ſtate of the weather, 
0 this apparatus I have lately added the improvement; 
of Mathias, ee n auler tis report, 
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PP MINER" ne Tom 
THE fönöw 41 my 4 ber of echte 
nien f Per ape lead tofotne curidus, Merul 7 and i 
portant truths fri Electricity. They are made n 
K ſimpie 45 Aratlis, hci" the oſt Aihple münfler; 
nothing 5 Vent hte this purpeſe call a feu 
flicks of ſealing-wax (one of them bein 4 reſerved as 
teſt) 10 the ends of which the fuübſtärites to be exarnined 
are 5 el oi tied ac O,ðHt ray require, and Mf 
CANTON 8 eléctrometer, neatly” made and properly inſu- 
lated. wien this' ſmall apparatus may / almoſt every ar- 
ticle that can be propoſed be examined with the uttnoſt 
Ficility up The animal, the vegetable, the fofſil kingdom, 
with all the works and combinations of art and manu- 
facture, may afford materials; almoſt any of which, by 


a ſlight friction Again on: I or filk, will become 
P cledtrifiel 
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1 10 en 119 
— — negitizely, accarding to 
the navare of the ſubſtance and form of its ſurface, and 
the.quality-and furface of the rubber) ſufficently ta ſe- 
parate l the balls of the clectrometer, ſo as to determine 
their electricity im a very; ſatis factory mannir. This, I 
think, fully confirms an opinion I have long entettained 
anil mentioned im a forties paper, nu. that che ſlighteſt 
fric tim bodies af every! kind, in every ſituation, may 
düſturb the electric matter contained in then, though the 
effect be ĩmperceptible to us. having no elestromieter nice 
enough to diſoover ãt. Heęre, thene fore, is a baumdleis 
geld ifor future enquirys and ad aſſiſt thoſe ) h be 
inclined to proſecute it, Iſhall mention a fer genetal ab- 
ſervations and precautions,.which. 1 live found Exceed-- 
ingly; uſeful in the: »courſe.of, my own experiments 1ſt, 
The ain ſhould heidty;and tlie apparatus eſtan and warm. 
adi, The ſubſtances to be tried ſhould be prfectiy clean. 
Zaly, When the rubber hath been uſed. once.ontwice,:it 
mould be held near the fire or the flame of a candle, 
not only te prevent its acquiring moiſture, but to take off 

the electricity left in it by one ſubſtance, before another 
be examined: for it ſhonld always be remembered, that 
whenever a ſubſtance is made electrical by friction, the 
rubber acquires the contrary electricity, and this electri- 
City, if it be not carefully taken off as is above directed, 

: will: 


_ 
—— id ſo — 
miei in the: experiments. Athly, Some minute ſabs 
games, . Canal ht, ford, | or Hair; wilt nar be qafily 
exited ir dump wemtiery theſe, therefore, ak well 2s.the 
pus, med be xvarmet; for hoat, L fd, dothal 
ways difpalſe bollies th become electrical. gthiy, Nin 
Latating Rande, and therfticks of Sang -L, with wiiich 
 thedgbilauce tobe exarained; are-conmmdted, ſhould tic 
t rybbed, left they, by the friction, ſhoud be made 
electrical, and, ating-through the-ſubftance in contad 
ith them, deceive inthe, experiment. thy, The ani 
. auial-fabftinces; as hair, hora, bane; cartilage, nails, teeth, 
nimſcies, c. become. electrified . pofitively, by friction, 
a xootlen. CR Ga aa and the vegetable 
9 — Gs tokings, form; and furface, and ny be 
differehtly affected by different rubbers. Laſtly, I muſt 
not omit· co obſerve that, among vegetables, I find the hot, 
.xcridpanizent;aid aromatic fibftances; as the ſpices cc. to 
be much mure eafily excited, and ſtronger in their power, 
than the cot ones, 4s the ſeeds of gourd, melon, or cu- 

cunber. Among che herbs, hemlock arid- pariley ate 
| fttang: a fingle leaf of 1auret; bay, yew, rofernary, &c. 
: will be found very phwerful; but, as I have. before ob- 
ſerved, this field is indeed imimenſe, and life itſelf too 
12 | ſhort 
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ſhort for a compleat inveſti gation. The experiments 
proves however, how univerſally. the electric matter. is 
difſerninated; or, in other words, its exiſtence in all bo- 
dies; with what readineſs it is excited; and, I think, the 
conſtancy, of its action (though imperceptible to us) as 
well as its uſe and importance as a principal ages 2 — 


greateſt, ang} tojmankind the moſt intexeſfi 08 eren 
in nature. I have encloſed a catalogue, exhibitin ng at 


one view the articles I have had an opportunity to try, 
with their Kinds of electricity” marked againſt them; 
hoping this ſpecimen. may NAIR eme of * 
leiſure to purſne the enquiry. CE 

Hair, wool, down, and many other articles, may be 
made up in the form of little taflels, a and i in this manner 
readily fixed upon or yed 6 to the end of an electric for 
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The being tubſtances eng fed or tied upom * 

i end of a tick of feafing-wax, and excited by friction 

”" againft a wodlten garment or a piece of (oft Black: filk; 

12 cleQrific as marked in the columns of the 

. annexed table. The ſtrongeſt in power are diftin« 

. guided by the letter 5, ke ator none < rm * 
ber w. ankle. Gai A 


* 
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DIET AL Sp; > 
" — fmooth er 6 
braſs ferule; tin, and tin-foil; ar 
copper, s; gitding on teather, s; lead 
ore; copper ore; iron orez Foros ' F 
 Milledlead; . 8; a poliſhed ſteel \ 
button, s; a new filyer ditto; a metal 
button gilt, s; tutenague ditto, 8; iron; 
Lead from a tea-cheſt, in which there 
is a mixture of tin, w; 


A gilt button, baſket pattern; the 
juncture at the end of a braſs ferule; 


Ko Sik. 


** Neg. 


— — 


©. 


Pot. Pot. 


| Neg. Pof. 


| Poſ. Neg; 


. | | * | | 
Mi - S 8 | 
Qblernations re Egg. 


4 
ANIMAL. $UBSTANCES. 3 


mantle, 3, Ivory, s; bone, $;. 
horn; lamb's ; horſe's-hoof; deer's- 1 
hoof; muſcle of the leg of a deer, 8 * 2 4 
cartilage, s; ſpur of a young. _— 
bill, claw, and ſcale fram the leg of a 
turkey, s; ſcale of a carp; the chryſalis of | 
a moth, recent from the earth, cleanſed ; 
craſamentum of the human blood ex- 
ficcated, W; quills; law of an unboiled 
lobſter; cowrie and 2 other ſmooth 
ſhells, s ſhell of a 'ben's egg; tail of 
2 ſmall fiſh; thigh of the elephant bee- | 
tle; a ſmall beetle, ſmooth ſurface; hu- 
man hair; red and white horſe? sand bul- 
lock's hair, s; hog's briſtles, s; wool; | N 
fk from the worm, W;  oyſter-ſhell, LENS EN 
{mooth ſurface; _ Ire: | 

Mother of pearl, * feveral other 
ſhells; | N 
Muſcle and cockle-ſhells, recent; a re- 
cent ſnail-ſhell, rough ſurface; elitra of 
the ſtag-beetle; oyſter-ſhel, rough fur- 
face; 


| Neg. Poſ. 


Neg. Neg. 


R 2 VEGETABLES. 


4 | 


a. 


Rind of cheſthiat, s ; Barcelo 114 nut- 
ſhell, s; caſhew nut, 83 : "©0608 nut- melt 
poliſhed; brazil; enim ute; black 
ebony, s; box, W cine, 83  quinquind, | 
or Peruvian bark, il * tamarind-ſtohe; - 

coffee-berry roaſted, 83 nutmeg, 8; Sin- 
ger, s; White pepper, freed from che 
huſk, s; cinnamon, s; cloves, s; mace, s; A 
alEfpice; 83 capſicum, both ſides of the 

pod, s; hemlock, N \ 
ditto of eſchalot, freed from the huſk, 8 5 
a green onion, 4 rue, 8; cork, $3 leaves 
of laurel, bay, Jew, - oily, roſernary, with” 
their berries, 8; parſley, s; leaf of tur- 
nip; ditto of Savoy cabbage; s s; celery; s; 
ſago, s; thime, s; carrot; turnip; potato; e 

an acorn, s; rind of Seville orange, s; 
a large Windſor bean, s; a White pea; 


root of the white lily; ſnow-drop root; 


ſeeds of gourd, melon, cucumber, W- a2 


ſpecies of long-moſs, Ww; an apple, s; 


down of the cotton-ruſh, w; ſea-flag; | 


leaf of the American aloe, s; cotton, w; 


- _ 
L174 
. * + „ > 


+ | Le. 2 r N 9 14 
— — 5 *. C 
- C A - i 


+4 . 4409. V. — 


g. TS # 4 s £ = 
hs * - 4 a 22 104 


— , 


} 


Hemp; 


lia 


wen a. 


Hemp flax; Ek of the tobiglcaafyy; 


N - 


ſpike, from the leaf of the Amexican 90 nes roc 


palma cbriſti nut; borſe · radiſn; s 
A white kidney- bean, ſmooth Carface; 28 
black negro of the ſame; ſcarlet of as 
ſame ; | 
CORALLINES. 
Sea-fan, the nr er W Nn 
coral, W; F 


1 Neg. Poi. 


\ #\ 
— 


* " 
47 A "2 = 
Poſ. Poſ. 
CY . 
* L £ 
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Spunge, w; coral poliſhed, Wi Poſ. Poſ. 
8 A L T 8. | 

Allum, w, Neg. Neg. » 

Borax, 7 hs 7 gur fat — Poſ.. Pol. | 
Nitre purified, ji Uy | 


FOSSIL AND MINERAL SUBSTANCES. 


Com mon pebble-ſtones of all colours, 
83 marble, s; pit-coal, 8; black-lead, 


* 


phur; thunder; bolt ſtone; * corn ammo- 
1g; ſhark's- tooth; coat of petrifaction; 


Several ſmooth native cryſtals; brown 
a Poſ. Poſ. 


w; jet, s; a/befios; mineralized = Neg. Neg: 


Iceland ditto; Zac, s; Ceylon pebble, 
ſmooth and tranſparent; 3. agate, s; corne- 
lian; amethyſt, s; 


A ſpecimen 


M3 er 


An 
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ARTIFIC AL SUBSTANCES. Ws 5 
Staffordſhire Ware glazed; Chinaware, we 3 
s Wedgwood's ware Slazed, s; whales 1 
ö fin prepared, w; writing- paper; parch- | 
ment, s; ſheep's gut, | 


Tobaceg pipe, 63 


bY  Wedgwood's ware 
un glazed; elaſtic gum, s; hard under- 
crult « of a leaf; a tallow-candle, w; oiled 
ſilk; painted paper, s; filver, burat into | 
glaſs, unburniſhed; pearl-barley, w; In- 
dian ink, w; blue vitriol, s, | 


D Lowis's glaſs parcelain, 


Silver burnt into glaſs, burniſhed, could not t be excited 
either with the woollen or filk. It is ſuppoſed that the 
ſubſtances being ſo intimately incorporated or dlended 
together, the friction at the ſame time excited both the 
ſubſtances, ſo as to n and deſtroy the effect of 
each other. BE 

In theſe experiments I I been affiſted by Mr. cA- 
VALLO and Mr. AbAMs, whe have carefully repeated 
them in my preſence. It may be proper to obſerve alſo, I 
that the white pea, a ſcarlet bean, and the thorn from If « 
3 the 
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— = * 
the Amerlran oe, being rubbed wpon new, fine, thas 
ret-cblonred doth, became weakly eletrified poſitively. 
A lock of black halr from 4 young colt 1 have UH. 
ſerved to become very weakly electrified 9 
rh 1 9.205 
It will be proper to obſerve, that the rubbes of wack 
len cloth, which I uſed in the preceding experiments, 
was a part of the coat or waiſtcoat which I happened to 
wear at the time; but being deſirous to try the effect of 
another, I took a piece of fine, new; white flannel, atid 
uſing that fide of it which is free from knap, I perceived 
a remarkable difference; vis. the copper and other but 
tons, the different ſtones, thells, China ware, moſt of the 
animal ſubſtances (hait excepted) and all 'the vegetable 
ones, which with the former rubbers were poſitively, 
being now negatively electrical; but thoſe which were 
negative with them, I found to be negative with theſe 
alſo”, In all the * with the flannel, I had 
hitherto 


(b) Alt theſe fubſtances have ſmooth ſurfaces. | 

(i) On this. account an ingenious friend of mine propoſed the following; 
queſtion, viz. Whether, if the electric matter were inherent (as I aſſerted) in 
the different ſubſtances: | examined; the kind of electricity could be changed by 
the uſe of different rubbers? I reminded him of Mr. canToN's experiments 
with a glaſs tube, and informed him, that a ſtick of ſealing- wax becomes poſi- 
tively eleQrified by dipping it in quickfilver, or exciting it with a flip of tin- 


foil; that a ſmooth glaſs tube may be made negative by drawing it croſs-wile. 
over 
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 Kiſtherts wartbd the fubſtantes, but kept Wer ribbe# 
cold; ſuſpectiug that, ii ſome caſes, the reſiſt miqht by 
_ different from what it is when che rubber is watin/and 
the ſubſtance cold: hut this; with the effect bf Cloths of 
different textures and colburs, files, ſattinis, velvets, lea. 
ther dreſſed in oil, and in allum; c. uſed as Tiibbers, 
have not had leiſure to determine. A ſmall turrip andi i 
potatoe, which I could not excite at all with either of the 
rubbers when they and the ſubſtances were cold, I ex- 
cited in a very ſmall degree with the flannel a little 
warmed; but very ſtrongly when the flannel and the re- 
ſpective articles were, each of them, moderately warm. 
A ſprig of celery. acted very powerfully when the 
flannel only: had been previouſſy warmed . As in all 
caſes the rubber is affected with an electricity contrary 
to that of the ſubſtance rubbed, it will be ſufficient for 


over the back of a cat, or by exciting it with a dry, warm rabbit's ſkin; that 
a ſmall coated bottle may be charged with a ſlip of writing-paper, excited by 
drawing it briſkly between the fingers of a dry hand ſo as to pierce a hole in 3 
card; that the dry leathern cover of a book may be made ſtrongly electrical by 
the friction of a dry hand, and that its electricity is remarkably ſhewn by 
touching it with an inſulated button, in the form of the plate to Mr. vol TA“ 
machine. He then acknowledged, that ſuch an 3 as * ſtarted muſt 

, be groundleſs. v1 - 1 
. A palma-chriſii nut was WERE very 8 wich the Haanel, 0515 
with my coat, and not all (in a room where there was no fire) with the black 
filk. I have alſo to add, that ſome particular fubſtances,. though 'negatively 
electrical when heated, become OW when cold, * friction n the wal 
2 rubber. 


3 eee d a _ N 
mn Au naſts ie uſe 2 rubber with a handle of glaſs, 
„ g/ Ning Which. the gledticity of many fixed ho- 
dies, gems chat Re WP, SF" als, dec. and other articles 


that it ghd be jmproper to diyide or remove, may be 
determined: Such rubbers, of different forms have been 


inftanges; by Ms BRRINGTPY, and Mr. SAYALLO, who 
bave 6xtended their enquiries . far beyond t the limits at 
which 1 deſiſted; their collection of animal, a 


foil, — 9 t 
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AT the concluſion. of the ſreand, part. of the. gre- 


- 


ceding paper, in my remarks upon the electricity f 
chocolate, I have obſerved, that many and great diſcg- 
veries, have been made. in thjs: age, reſpecting the action, 
influence, and effects of electricity; but it is a queſtion 
that hath been frequently put to- clectricians, What is 
electricity? For my on part, I have generally choſſ En 
(perhaps for want of a better anſwer) to reply by a ſimilar 
queſtion, vis. What is air? or, what is water? For, as theſe 
are underſtood to be fluids diſtin& from all others, and 
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conſtrued ang. GtiafaGority employed in a,variety of | 
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diſtinguiſhed by by the names muy fo JE ever coll 
fidered electricity as a fluid | fu generis, and — cha- 
| racteriſed by the term electricity, electric fl mud. or Tr 
matter; and have always avoided the term electric ks) ib 
as conveyin g a confuſed idea of actual inflammation 
burning, 8&c.: but I now begin really to doubt, whethe 
another appellation might not be applied with greater 
propriety ; whether electricity may not be conſidered a8 2 
pure, ethereal, elementary fire, inherent i in all bodies, inti- 
mately connected or bl ended with a an earthy or other baſe, 
and apparently, though not actually, 1 remaining in it ina 
quieſcent ſtate, till rouſed i into action by ſome proper ap- 
plication; as motion, or rathes 


rather friction, which may, and 
probably does, collect it in our experiments. (But can 

motion convey inſtantaneou fly that which is not material, 
but only: a quality, a property, an accident, or affection, 
of matter, through ſuch « circuits as thoſe of Dr. wATSON, 
and produce ſuch aſtoniſhing effects at the interruption 

of thoſe circuits? Beſides, i in Dr. FRANKLIN” s moſt curions 
and decifive experiment of chargin g the Leyden bottle 
with its own electricity, the glaſs undergoes no friction 
| whatſoever; but the cledricityinherent i in it is ſimply ex· 
"hauſted from one of its ſurfaces, and forced round upon 
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C the other by the electrical apparatus: the ſame may be 
| aſſerted of bodies preſented toward a conductor negativelj 
** electrified 1 
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| 2 Hy ; Eve I, that in fermentation 


erveſcence, an d Putte faction, it it flies off in in the OY 
, 7 | * - 1418 > [3 34-8 - P " 
gi ee En an ing fee no note Is 25 the concluſion 


this paper); that in diſtillation it is engaged and 


_ over in am ardent ſpi it, in which i it reſides, re- 
* 1 * Ni 1 WE 317 T 

itsoriginal I proper rties ina urer bale ; ; that, ſincs by 
wy : S'# +; 22 168 WY 
the collifionof flint, ſteel, &c. actual fire is infa e 

"5 Nr . mow 714 111 
produced (as 1 in the inſtance : of the dry y axle o 0 2 carriage, 
des by the friction of the naye againſt it, ſoon takes 


fire) © b by t th : friction of oth ther bodies, which z by lon ng P per- 
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ſeverance yould p roduce the fame tec, this latent fire 


2 op 25 18 inn * 


may be firſt ex cited, a and its appearances, though uno 
3, 12 — 1 * N 4 WO 
ſerved, be thoſe ve. term ee A wind- mill, when 
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i works under the break. (as the millers term n it when no 


o 


iron 18 concerned) ſoon catches . (the it!-ftories, 


Is 330 ire (1 


when, n no corn is between the em, produce the ſame effect, 


- $3.04 


though. the h : motio n be the fame in boch caſes) and 15 
3 mill hath been conſumed byt this means. "The 
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uſed by the Indians, of producing fire by che 75 of 


two Pieces of vod a again |. « gainſt each ot other i is well known; ; 
ICH THe i 7 
and i in all theſe caſes may not the firſt effects of the 


Ven 19,4 113 — ern irt 
latent fire, thus. rouſed into 2 n, be the production of 
& + TITHE LI 
call delten, See notes 2. 
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myſelf ſeveral times | experienced. Had ths fenen been 

continued, the production of actual fire might pertt apt 
have been the conſequence. © May not, therefore, the 
production of actual fire be the ullimmm of re _ 
or, in other words, electricity the firſt effect of Tara 
thus rouſed into action; actual Hre, che fecond; ii 
flaramation and diſſolution, its third and greateſt et 
like f ermentation, producing g firſt, wine; : ſecondly, vi ne- 
gar; laſtly, putrefaQtion. To giye ſome contehance to 
this Luppoſition, let ſore of the effects of electridty and 
fire be placed in a comparative view. Firſt, a ſinalr iron 
wire, held in the flame of a candle till it acquires a 'whits 
heat, will frequently burſt into little balls, flying « off in 
all directions. The ſame effect is produced by a flint and 
ſteel; and in a ſuperior manner, by a ſtrong charge of 


electricity, or a flaſh of lightning paſſing through ſuch 
2 wo" a ſmall 
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— then appearing; d exroimation}; 
to be tile more than the hi of the metall . THe eſtecd 
of electrieity, lightning, and fire, in deſtroyiiig the power 
r the artificial o natural magnets, is a-circminſtarice-that 
Batir been Eten femarked, and. repeatedly publithed! 
The effects of electricity, in common with fire, on proof» 
ſpirit, gun- poπτα?⁵ery pbo/phorus, dry lint, and many other 
fubſtances, muſt occur to every geritleman converſarit in 
theſe experiments; indeed the parallel migbit be conti- 
nued much further. But it may be aſked, if this be 
really the fact, ſhould not metals become electrical by 
friction? I anſwer, they are readily excited, provided they 
be firſt properly inſulated; (but if metal be rubbed 
againſt metal, the płilogiſton or latent fire, if I may be 
allowed the expreffion, is ſo nearly proportioned in te 
two metals, that the equilibrium is reſtored as: ſocm a 
deſtroyed, from the very nature of the baſe, which is the 
moſt perfect conductar we are acquainted with) to it 
teftrate this, Jet it be remembered, that though the 
hydroſtatic paradox may be readily exphined, yet the 
fluid muſt be confined in a proper veſſel; and 
though the weight, the ſpring, and the compreffibi · 
lity of the ar; be eaſily demonſtrable, a ſuitable appas 
ratus muſt neeeſſatily be employed for each purpoſe. 
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Mev nm Eaperhmonts,and 
It is a queſtion by no means decided, how the clouds be, 
come electrified? But if we ſuppoſe the electric matter to 
dies; that the great proceſs of vegetation. is carried on 
by means of this ſubtile, active, volatile, and pervading 
element; that it is continually exhaling from all the ve- 
getable tribe; that as evaporation is a remarkable agent 
in the cooling of heated ſubſtances, that is, a good con- 
ductor of their fire, as I am well aſſured it is of electri- 
city; may we not conclude, that this is one great cauſe 
of the clonds becoming at times ſurcharged with this 
fluid? The great effect of electricity in promoting ve; 
getation, hath been fully proved by Dr. DE MAIMBRAT, 
the abbe NOLLET,. Mr. JALLABERT, and other, gentle- 


men, and was very remarkable in that year when the 


fatal earthquake happened at Liſbon. Dr. $sTUKELEY's 
obſervations on the frequent appearances. of fire-balls, 
coruſcations, and auroræ boreales, at this time (which I 
well remember) deſerve to be particularly noticed; and 
it is generally remarked, that thunder-ſtorms are pre- 
ceded by a continuance of hot weather, and that a moderate 
temperature immediately ſucceeds the ſtorm. The re- 
marks and obſervations of the worthy Dr. fAaLEs on this 
ſubject ſeem alſo to merit peculiar attention. Further, 
as the rays of the ſun, concentrated by a powerful burn- 
Ng 
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* Obſervations in meevietty. 
ing mirror, will produce a fuſion of metals, and inſtantly 
reduce a number of ſubſtances preſented to the focus to 
a calx, as tlie fame effect is in many caſes. produced 
by a ſtroke of lightning; and as the” colours of the 
electric and ſolar light are equally diviſible by the priſm; 
may not theſe alſo bear ſome kind of relation to each 
other”? Upon the whole, is there not an high degree 
of probability in the ſuppoſition, that light, fire, phlo- - 
giſton, and electricity, are only different modifications of 
one and the fame principle? See notes 7. 8. and g, A 
fimilarity in ſeveral of the phenomena of electricity and 
magnetiſm hath been Jong ſince pointed out by Dr. 
PRICE, from M. IN As; and the effect of heat on both 
admirably diſplayed by Mr. av, Of all the ſub- 
ftances E have yet examined, the moſt difficult to excite, 
I obſerved to be a fine, ſmooth, unarmed load ſtone, and 
a piece of black lead; theſe ſeemed to bid deſiance to all 
my rubbers: at length, however, with a piece of new 
flannel they were both excited, in a very ſmall degree, 
negatively. In ſhort, I have not yet met with a ſingle 
article (on which the experiment could. be tried) that I 
could not, with one or other of my rubbers, make in 


(1) Many other particulars might be adduced in this place; but they are pur- 
poſely omitted, this paper being already extended far beyond the limits originally 
intended by the author. 6 | 
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aids are goremed, and what conſtitutes the preciſę dif, 


nabe farther eluridated. -Laftly; I de: not ſpeak of theſe 


{6me dagree W The Jams: by whick-41:8ich 


keene heran chem, may yet, perhaps, hy ſome ſortu- 
nate phYaſopher, by a train of juſt reflex ion, and a ſet of 
imppily contrived a well-conducted experiments, be 


things a5 facts of Which I am-ab@huegly convinced; but 
enneüiy with © xccommend- ther to che ſerious con; 
faidg however; I apprehend it will ſcarcely be doubted, 
thatelefricity;whateyer it be (as Hhave often remarked) 
is one of the graateſt and malt important agents in the 
operatinns of Nature; chat ths effects af lightning, there- 
Fore, are hut as diſcords in ber harmanyzg and, though 
ingly .confidered, they may appear unpleaſing nates, 
yet perhaps may — — nnn her 
— RNEIR LE] 
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NOTES ON THE CONCLUSION. E Þ 
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8 8 Lam juſt informed by Mr. ADAMS, "that Mr. CLARKE, 
an ingenious gentleman from Ireland, hath Iately proved, 
to the ſatisfaction of ſome of the ableſt chemiſts there, 


that the variety of airs produced by n gentlemen 
in m 


— 


137 
in their pneumatical reſearches (that produced from the 
calrer of metals perhaps excepted) are only pllogiſtic | 


journey Gam and —— 


28 


„ The vapour of umme is much = ſubtle 
than common air, it paſſes through bodies which 
Sid be irnpemetrable obſtacles to the latter. 
„Mr. DE surf W not able to retain it by the aid 
« of lutes: a moiſtened bladder, tied over the mouth of a 
« veſſel which contained forne fermenting matter, was 
« not at all inflated during the height of fermentation. 
Dr. PRIESTLEY has obſerved, that the fixed air from 
ay fermenting beer combines eaſily with the vapour f 
« water, as alſo with the ſmoke of ene 1 
« other electrical ſubſtances. K d lis 1 
« If it were permitted me to 3 in n 

&« ſhould: fay that ſome experiments induce me to be- 
« lieve, that every elaſtic fluid reſults from the combina- 
tion of ſome ſolid or fluid body with the inflammable 
« principle, or perhaps even with' the matter of pure 


fire; and that on this combination the ſtate of elaſti- | 


city depends.“ See HENRY's tranflation of M. LAavoi- 
SLER'S Effays, phyſical and chemical. 
Mr. LANE, in his curious and moſt important experi- 
ment of diffolving iron in water impregnated with fixed 

VoL. LXVII. T air, 
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ir obſerved, that after the water — ha 4 
been paſſed through. a.cloſe filtering paperpit. was.ren- c 
dered quite tranſparent, the iron being in perfect ſolu- 
tion. This clear liquor he endeavoured to preſarve in in 
tanſparent Rate, by uſing every means that hen occur 
xed to him to retain the elaſtie vapour, hut without ſuc- 
ceſs, for in aifew hours the trauſparencg diminiſhed: 
afterwards the liquor — —— the 
iron that bad been diſſalved an it. 

2. Several gentlemen have aA chat de wetking 
— with great velocity, as heat was 
produced * — 8 Was — 
ly leſſened. 81375; 

S. Mit ERRINGTON, a — recreates 
himſelf with mechanical qperations, frequently ob- 
ſerved, chat after he had been for fore time briſkly 
working bis drill, ee of it * — 
ien 12 4c0o rH, £15322 21 

4. Mr. cavaLLlo, whe — Anuſes himſelf with 
the violin, having played a few ſprightly airs, examined 
at my requeſt the hairs.of the bow, and the firings of 
the anfirument, and found by his electrometer that both 
of thera were electrical; the former in a plus, the latter 
in a mum ſtate. In this caſe, the roſin contributes to 

7 15 the 


. . ˙ w mm 
chookAvicty Perhaps 2 tenor oh bafs- io Hnighr pro- 
duc the effect in a greater degree. 

8. Mr. αα like wiſe n forms rne, chat taking two 


— china ware; he ftruck the edges uf 
meta brakliy tagether, and produced ſparks of fire but 
no electricity. He then rubbed the broader furfaces 
gently together, und produced a ſtrong thedricity ; poſi- 
tive in one piece, negative irr the other. This experi- 
ment I have ſeveral tirnes UAE GED Gatif- 
falta, 772 int ewnads cv pl 49th 2! 


6. I have myſelf obſerved, chat two glaſs tubes rubbel 


briſkly together, produce à vivid Purple night and ſtrong 
Phofphoreal ſmell, but no attractiom or repulſion; but 


two pieces of phate glaſs, each two inches long and one 
inch broad, warmed and rubbed gently againſt each 
other, produce electricity, negative in one piece, poſitive 
in the other. Both glaſs and amber I have alſd made 
electrical by blowing * _ horns Vary 
with a pair of bellows. - 5 

7. Platina, 1 Kite to which Kb e 
duced by chemiſtry, and on which Dr. Lewis informed 
me that the ſtrongeſt fires he could raiſe had no further 
effect, T have been able to fuſe in a ſmall degree, by a 


ſtrong charge of electricity. Phil. Trad. vol. LXIV. 


P. 416. 


T 2 | 8. Since 
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r i 
of B. See che kearngd. and — 9BCONLIS pp 
liſhed the account of his curious experiment;of yevivi- 
fying the calces of metals by electricity, it hath been re- 
| peared with parſed ſucces by cual other gentjeraen. 
9. With reſpect to earthquakes, upon this hypo- 
theks Dr. $TUKELEY's and the rev. Mr. MITCHEL'S inge- 
nious theory may both be near ta truth, as the difference 
between them will confiſt more in words than in facts 
See a moſt curious and aſtoniſhing effect of evaporation 
produced by electricity in Dr. FRANKLIN's Experiments 
and Obſervations, firſt edit, p. 41 f. Perhaps it may not 
be improper to mention in this place the following 
experiment, which I made long ſince myſelf. A 
Pretty large wine glaſs being nearly filled with water, 
two, wires, terminated. hy ſmall. braſs, balls, were hung 
oppoſite ta ach other upon che brim of the glaſs, ſo as 
to let the balls deſcend. to about half the depth of the 
Water. The communication, being. then compleated by a 
chain, a jar containing three ſquare feet of coated ſur- 


the ſtem of the glaſs was broken 1 in two places; the bow! 
was ſhivered perhaps into @ thouſand, pieces, and ſcat- 
tered with the water in all directions: part ab it flew into 
my face, and ſa much upon the apparatus, that Lremem- 
ber it put an end to my experiments for that time. I had 
neglected to cover the glaſs, being deſirous to ſee the 
effect 


face, was diſcharged through it. The conſequence was, 


ro 


*r 


e — Hn-Bliga), gr * 
it ofthexhargs pailing nsough we erf Rot luf- | 
petting the danger of the eleCtritity evaporating! purt of 
it, aad&exploding with fach OO RO 
attended wir very diſagreeable conſequences. 

10. That water - ſpouts are really occaſioned "i 4 
tricity I have long ſuſpected; from ſeveral circumſtances; 
but Mr. OO FORSTER, r. R. s. in his curious rernarks 1 
and circumſtantial deſcription of one of theſe phenomena 
(Voyage round the World, vol. I. p. 191 ſeems to have 
confirmed this matter beyond a doubt: the form of the | 
column, the hail-ſtones which fell at the time, and the 
flaſh of lightning Which appeared at the disjunction of 
the tube, are, I apprehend, as complete proofs as can be I 
Wee Aal 

11. Some gentlemen have ſuppoſed, t that the cleric 
matter is the cauſe of the cohefion of the particles of bo- 
dies. If the electric matter be as I ſuſpect, and my expe- 


riments and the foregoing notes ſeem to prove, a real ele- 
mentary fire. inherent in all bodies, that opinion may 
probably be well-founded; ; and-perh aps the ſoldering of 
metals and the cementation of iron by fire may be confi- 
dered as firong proofs of the truth of their hypotheſis. 

2. Dr. PRIESTLEY obſerves (Experiments and Obſer- 


vations on Air, vol. I. p. 280. )Thata it is probable, that elec- 
5 tric 


} 
* 

| 
4. 
| 
4 
4 
\ 


* ren P trim . . x ĩ -V ua. oc. a 


r 


being 5 modification of 'phtogiftonz iis probatite* 


prior to his deductions from ele&richl begebe, i 


rious an article in a letter from ſignor vol rA tothe Doctor, 


& by the ſimple electric ſpark, even when the electricity 
4s very moderate, which explains the igner futui, pro- 


« marſhy ground by the help of the electricity of fogs 


4 to have? an electrical origin. 
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| 0 of the Bolognian phoſphorus on air. it phlogiſticates it 
ec in the higheſt degree, and the diminution it occaſions 
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4 but for this purpoſe the phoſphorus muſt de good, 
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ic lig ht cones from the electric matter itſelf; at 

that 
"all lizbt is a rtibdifica ation of phlogiſtom alto; ah that, 
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was pretty evident that light ant phlogifton are tire fame 
thing i in different forms or ſtates. Pr. PRtESTLEY' third 
volume on the fame ſubje& was not publiſhett tin "the 


laſt ſheet mast of my paper had been compoſed, and a proof 
ſtruck off. In the appendix to that volume I find ſo cu 


that 1 ſhall take the liberty to tranſcribe a part of it, As 1 
very important addition; viz. „ fire in flammable air 


@ vided they confiſt of inflarmmable air iffuing from 


& and by fallin g-ſtars, which are very eu- _ 


«7 do not Know whether yon have ever tried the effect 


« takes Place very quicklyFand is altogether furprifin g 


4 and the weather not too cold.” 
Since 
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Obſervations in Hectrici mx. 143 
Since the preceding papers were preſented to the y 
Royal Society, I have ſeen and heard of ſuch a number 
* curious remarks, obſervations, and diſcoveries on li ght, 
fire, phlogiſton, and electricity, which tend to illuſtrate 
and confirm the opinions I have advanced, that I would 
beg leave to add, that, had I ſeen or known of ſeveral of 
thoſe excellent pieces in time, I ſhould certainly have 
availed myſelf of ſuch important labours, and have 
ſpoken of the ſubjects above-mentioned with a greater 
degree of confidence, The authors 1 allude to are, 
BOERHAAVE on Fire; 8TAHL on Phlogiſton; Dr. PEM- 
BERTON on Fire; Dr. HIGGINS on Light; the celebrated 
MACQUER, particularly in his Memoir on Phlogiſton, in 
the abbe ROZIER'S Journal for Nov. 17763 a Memoir 
by Mr. oyoix on Phlogiſton and Light; Mr. ACHARD's 
Electrical Experiments on the Ice of diſtilled Water, 
frozen in a deg gree of cold exceeding what we ever expe- 
rience in this country; with plates of which ice he not 
only performed the Ley den experiment, but even ex- 
cited it by friction like glaſs (fee the Abbe ROZIER'S Jour- | 
nal for Nov. 1776); and laſtly, M. KOESTLIN'S curious 24.0 
and moſt valuable experiments on the influence of elec- | 
tricity, it the production and ſuppart of animal and ve- 
getable life, particularly his diſcovery that vegetation was 
actually retarded by electrifying his ſeeds negatively, 
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VIII. Extract f a Letter rom John Strange, Efquire, 
His Maje/ly's Refident at Venice, 10 Sir John Pringle, 
Bart. P. R. S.: with a Letter to Mr. Stran ge from the 
Abbe Joſeph Toaldo, Profeſſor in. the Univerſity of . 


Padua, &c. giving an Account of the Tides in the 
. » Adriatic. 


” „ 


8 I R, | Nov, —_— 
Read Jan. 23. and Feb. 6, * your laſt favour you expreſſed : a 
l 3 


deſire of having ſome account of the 
the 2 of the tides here. As I have hitherto had but 
little opportunity of making any concluſive obſervations 
on that ſubject, I applied to the Abbe ToaLDo, profeſſor of 
aſtronomy and meteorology in the univerſity of Padua, 
as the moſt likely perſon to inform me. He obligingly 
complied with my requeſt by the encloſed letter, which 
I hope will be acceptable to you, andi in ſome meaſure 
ſatis factory, being chiefly grounded on the obſervations 
of a very accurate man here, ſignor TEMANZA, a cele- 
brated architect and engineer. It is a pity but thoſe ob- 
ſervations had been extended to a longer term; but as no 
better are to be had at preſent, we muſt be contented, 

and hope for better hereafter. In the mean time it will 
be a further ſatis faction to the learned profeſſor, as well 
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as to 1 STR, ſhould this communication prove alſo 25 
ceptable to the gentlemen of the Royal Society, to whom 
you may probably think Proper to preſent it. 


De reciproco Æſtu Maris Veneti. Ad Nobilem ac Doc- 
tiſſimurn TJoannem Strange, &c. Epiſtola Foſepbi 
Toaldi, &c. | 


QU.AZRE NTI tibi, vir priftantiffione, notitiam reci- 
proci maris æſtùs, in portu atque æſtuario Veneto obti- 
nentis, idque nomine Regiæ Societatis veſtræ, clariflimi- 
que ejus præſidis p. JOHANNIS PRINGLE, baronetti, liben- 
tiſſime, pro modo ac viribus, morem gero. Qui enim 
negare poſſem vel tibi, ſtudiorum meorum fautori mu- 
nifico, rerumque naturalium ſcrutatori eximio? vel Re- 
giæ Societati, cujus acta cognitionum humanarum re- 
rum gazophylacium, in publicum uſum paratum, ex- 
hibent? vel illuſtri ejus præſidi, ob ſcientiarum amo- 
rem, in Europa totà tam celebrato? vel ipſi heroicæ na- 
tioni Britannicæ, pro rerum maritimarum præſtantia, 
notitiam hanc præcipuo jure quaſi petenti. Accedit, 
quod res hæc illuſtrium autorum falſa traditione infecta 
ac turbata eſt, ſicut mox docebo; ut proinde interſit non 
minus navigationis quam ſcientiæ, veram ejus hiſtoriam 
Vo L. LXVII. = memoriæ 
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memoriæ ac litteris tradere. Conabor ergo procipua ac 
ſumma rei capita breviter calligere. Ipſe quidem, Pa- 
tavii degens, obſer vationum ſeriem, quod utinam licuiffer, 
inſtituere non potui. Sed D. THOMAS TEMANZ A, 
architectus Venetus clari nominis, diaria obſervationum 
fuarum liberaliter mecum jamdiu communicavit; ac, 
Keet ſemel in die obſervaverit, aquarum tamen motus ac 
leges in æſtubus reciprocis ſatis indicant: et autores alios 
conſului ſatis idoneos; et ipſe identidem, Venetias digreſ- 


ſus, adnotare ur | minime neglexi. 

2 primum igitur, illud etiam vulgo notum, Venetiis, 
nempe in portu atque æſtuario Veneto, ſingulis diebus, 
bis aquarum acceſſum five fluxum fieri, biſque receſſum, 
five refluxum; ſingulis vero menſibus Iunaribus acceſſus 
fieri majores per aliquot dies circa novam plenamque lu- 
nam, quæ Veneti appellant Punti d' acqua, quibus 
tantum, navigia majora in portum compelli poſſunt, vel 
ab eo educi. 

2. Quod præcipue ſcire intereſt in hoc negotio eſt 
hora, quà æſtus menſtruus ad culmen pervenit, quaque 
portum pertranſire poſſunt. Dubitare quis poſſet prop- 
ter JANI PLAN ci aliorumque fortaſſe ſcriptorum auto- 
ritatem. PLANCUS autem in Specimine reciproci ſtus 
in mari ſupero, recuſo Rome A. D. 1760, una cum 


libro de conchis minus notis, haud hæſitanter tradit, 
æſtum 
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æſtum maris is ſequi curſum potius ſolis quam Lunz; id eſt, 
aquas in quolibet acceſſu maxime elatas de prehendi ſole 
meridianum obtinente, maxime vero depreſſas ſole ad 
horizontem delato. Quid PLANCUM alioſque in errorem 
induxerit, pronunciare non auſim. Fortaſſe cauſa erroris 
fuit hec: #ſtus majores contingunt circa novam plenam- 
que Lunam : iſtorum autem acceſſuum hora parum diſtat, 
ut mox oſtendam, a Lunæ tranſitu per meridianum; qui 
iis diebus parum item diſtat a tranſitu ipſius ſolis per eun- 
dem circulum. Ecce ergo cauſam erroris, quæ certè impo- 
ſuit ipſi IAN O PLAN co; qui, ut in præfatione libri ſui 
fatetur, ad portum Ariminenſem, et ad motum aquarum 
obſervandum, non niſi tempore majorum æſtuum novi- 
lunii ac plenilunii deſcendere conſueverat; circa quadra- 
turas, zſtus modici ſunt, vixque ſenſibiles, ut proinde 
ipſorum horam (turbatam etiam ob divuliionem ſolis ac 
Lunæ) obſervare non tam fit promptum. 

3. Quæcumque fuerit errandi cauſa certe errarunt: 
æſtus enim maris, ut alibi, ita Venetiis, regitur a motu 
Lunæ. Doctor VINCENTIUS Mio TI, obſervator diligens 
ac navus, MURIANI, quæ urbs milliari uno circiter a Ve- 
netiis diſtat ſeptentrionem verſus, anno 1766 et 67, 
cum tabulas quaſdam huc pertinentes conficere vellet, 
per plures menſes æſtus accedentis ac pleni horam explo- 


ravit, eamque, in ſumma, comperit eſſe unam cum di- 
U 2 midia 
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midis ante tranſitum Lun per meridianum ſuper vel 
ſubter; vel potius decimam cum dimidià poſt: dico po- 
tius poſt, quia credibile eſt, aquam, qum ob @ſtum' in 
Mediterraneum ex oceano influit, tantum temporis inſu- 
mere ut ad extremas oras maris Adriatici perveniat. Ean- 
dem horam colligo ex obſervationibus anno 1770 hor- 
tatu meo habitis a laudato domino TEMANZ A (nam in 
diariis præcedentibus hoc neglexerat): idem ipſe, cum 
Venetiis non ſemel eſſem, ſtudioſe rem animadvertens at- 
que explorans, verum eſſe deprehendi. | 

4. Hora ergo completi portùs, quem ſtatum etabliſe- 
ment du port appellant Galli, id eſt zſttis altiſſimi in ſyzi- 
giis præcipue, eſt 10 poſt Lune tranſitum per meri- 


dianum, ſuperiorem, aut inferiorem, ita ut poſtea deſcen- 
dere incipiant. Luna vero ad horizontem, five orienta- 
lem five occidentalem, accedente, aquæ humiles ac de- 
preſſæ ſunt, ac tum demum creſcere incipiunt /. 

Ex 


(a) Hujuſmodi aquarum vices in portu Veneto atque æſtuario, ſi autoritate. 
opus fit, traditas deprehendo in veteri codice manuſcripto, rationem univerſanr 
Venetz navigationis, tunc temporis continente, una cum ampliſſimo portulano: 
conſulendum olim prebuit ſereniſſimus MARCUS. FOSCARENUs, Venetiarum 
prius hiftoricus, deinde dux, vir dum viveret artium ac doctorum patronus muni- 
ſficentiſſimus; ſeriptus eſt codex lingua Veneta, vernaculà, eaque antiquiore.. 
Opinabatur ſereniſſimus dux, fuifſe codicem PETRI LAURETANI, ſtrenuiſſimi 
ducis maritimi ex noſtris, qui anno 1443 extrema nece Januenſes apud RAPAL- 
LU debellavit, Is ergo codex inter pracepta; navigandi ad rem noftram hzct 
habet, p. 51. Le argue di quęſto ports (di Vinctia) , xt queſte ; quanda la Luna 
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Ex hoc i igitur ſeriptore (in adnotatione) habemus vices 
æſtlis, cum diurni tum menſtrui, in portu Veneto. Quod 
vero aſſerit, Luna in meridiano exiſtente aquas fieri ple- 
nas, latius eſt ſumendum; ut intelligatur circa illam ho- 
ram, id: eft cum parva differentià unius ac dimidiæ hore, 
quam ſuperius ſtatuimus. 

5. Conſequitur, ut dicamus de magnitudine, ſive alti- 
tudine aquarum in æſtu. Circa ſyzygias creſcunt aquæ 
plerumque tres pedes, vel tres cum dimidio fere, juxta 
menſuram Venetam (pes autem Venetus ad Londinen- 
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x2 in Ponente e Levante, ſono tutte le acque baſſe; e quand»? xd in Siroco e Maiſero, 
fon mexxe piene; e quando la Luna x# in Oftre, le acque ſon tutte hiene; e quando 
la Luna xt in Greco e Garbin, le acque ſon mezze vode. 

Aviſote, che le acque in fede comenza ⁊orni quattro della Luna infin a zorni 10; e 
la xe a pinta; e dai 11 inſuſo ſono acque ſeconde infina a zornt 19 della Luna; e da 

z:rm 19 infina zarni 2.5 ſono le acque in ſede; e dai 25 infina quattro della Luna ſono 
creſcenti. Aviſote, che in una Luna ſono do fede, e do ſeconde; e da 7 alli Facqua 
ny xt move, zo non a pſa: quæ hanc vim habent. 

« Regula aquarum in portu Veneto eſt hæc: cum Luna eſt in occaſu vel. 
e ortu, aquæ ſunt prorſus humiles; cum reſpicit plagas intermedias ventorum, 
« 1d eſt cum mediam altitudinem aſcendendo vel deſcendendo occupat, aquz ſunt” 
«© ſemi-plenz, vel ſemi vacuæ. Denique cum Luna eſt in auſtro, vel meri- 
& diano, aquz ſunt ubique plenæ.“ 

Hw#xc de æſtu diurno, quod ſequitur pertinet ad æſtus menſtruos. 

4 Admoneo, aquas deficere incipere, vel æſtus parvos fieri a quarta die Luna: 
ce uſque ad decimam, ac tum incipiunt creſcere ; a die undecimi uſque ad unde- 
& viceſimam ſecundæ ſunt, vel plenæ; a decima noni ad viceſimam quintam- 
© rurſus deficiunt, et deinde iterum creſcunt uſque ad quartam diem Lunæ, 
&* Admoneo intra Lunationem eſſe duas periodos, minorum, totidemque ma- 
c jorum æſtuum; a ſcptima autem die ad nonam (addendum etiam 22 ad 24) 
©. aquas- minime maveri. 
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fem ſeſe habet ut 1 540 ad 13572) raro ad quatuor, is 
rius ad quinque, rariflime aut fere numquam ad ſex, 
auſtro flante, mari irato ac procelloſo. wy 
6. Circa quadraturas elatio aquarum multo minor eſt, 


aliquando vix trium pollicum; media, ut — oſten- 
dam, eſt pedis 15. 

7. Indicata altitudo zftiis, maxima eſt quæ obſervetur 
in toto Adriatico (cumulantur enim aquæ intra Veneta 
æſtuaria): quo enim magis acceditur ad Mediterraneum, 
minores continuo deprehenduntur æſtus, ita ut in Medi- 
terraneo ipſo vix animadvertantur, exceptis euripis, aliis- 
ve anguſtis ſinubus. | 

8. Omitto quæ ſunt communia æſtùs maritimi in 
omnibus manbus; ex. gr. retardare ſingulis diebus cum 
Lune tranſitu per meridianum; ex duobus diurnis 
æſtubus, alterum eſſe majorem et diuturniorem; æſtus 
maximos circa ſyzygias fere nunquam contingere ipſo die 
ſyzigiæ, ſed vel antevertere, vel retardare, uno, duobus, 
tribus, aliquando vel quatuor diebus. 

9. Peculiaria quzdam adnotabo, ut illad cum jANO 
PLANCO, aquas, initio acceſſùs, paulatim ac lente creſ- 
cere per tres aut quatuor horas, ut vix tres pollices horis 
ſingulis aſcendant; poſtea vehementer inſurgere curſu 
valde citato; tum fieri, in culmine, quoddam quaſi aqui/- 
titium, ut ſemihorà quieſcere videantur, poſtea velociter 

deſcendere, 


deſcendere, et 2 vices bee, unde patet 
ſpatium tranſeundi portiis en ad ſummum in 
majoribus eſtubus circumſcribi. 

10. Illud prœcipue 3 huic mari nat. 
atque Adriatico toti, zftus æquinoctiorum (Luna nova. 
vel plena) eſſe quidem magnos, ſed non totius anni maxi- 
mos; ſed maximos contingere circa ſolſlitium hybernum. . 
Sciendum preterea, ſinum V enetum plemiorem in genere 
deprehendi, et aquas altiores eſſe hyeme, quam æſtate: 
animadverterat hoc j AN us ipſe PLANCUs in laudatoſpe- 
cimine. Id oſtendo duplici comparatione. 

11. D. TEMANZA obſervationes ſuas inſtituit ab 
anno 1751 ad 1755. Ex hoc quinquennali diario ex- 
cerpſi æſtus medios ſingulorum anni menſium, quos in 
duas claſſes tribuo, ſex hybernos, ſexque zftivos.. 


Menſes hyberni. [| Menſes æſtivi. 

Il 
Aſtus med. in ped. poll. Eſtus med. in ped, poll. 
Januarius, 2 1,9 Aprilis, I: 99 
Februarius, 2 o, 3 || Maius, I 9758 
Martius, I: . Junius, 1 11,7 
November, 2: 1,4 [ Auguſtus, TL 7,9 
December, 2 2,6 September, 1 89,2 
— — - J. | — — _ - 
Med. diurnus, 2 o, Med. diurnus, 1 9,7 
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Patet ex hac tabella, 1e, Maximum æſtum totius anni, 
Venetiis, contingere menſe Decembri, ſcilicet circa ſol- 
ſtitium hybernum; - et huic proximum eſſe ſtum menſis 
Fanuarii. 2 Minimum accidere menſe Auguſto. 3e, 
Mediocrem eſſe menſibus æquinoctialibus Martio ac ok 
tembri. 4” Inter ſex menſes æſtivos, menſem ſolſtitia- 
5 lem Junium afferre pre cæteris æſtum magnum, et qui- 
dem majorem æquinoctialibus ipſis. 5 Tandem men- 
ſ uram æſtuum æſtivorum valde ſuperari a menſura 
zſtuum hybernorum. 
12. D. TEMANZA, in ſtu adrctinds, pen ad 
terminum quendam medium, qui Venetiis ab aquarum 
archite&is appellatur commune: intelligunt libellam 
quandam mediam aquarum in lacuni. © Quoad ergo 
hanc libellam, five altitudinem mediam aquarum, adno- 
tavit, qua menſura æſtùs, tam accedendo quam rece- 
dendo, fuiſſet ſingulis diebus ſupra vel ſubter (accidit 
enim aliquando ut æſtus ad eam altitudinem mediam mi- 
nime pertingat). Contuli ego in ſummas ex und parte 
dies, quibus fuit ſupra, ex alia, quibus fuit infra; idque 
Pro utraque menſium claſſe. 


Eitas 
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Novembri, 45 uſto, 03 Oz 


ecembri, 102  Septembri, 7 28 
Summe, 572 442 4383 
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Etiam ex © bl tabels 8 mſtus wn 
bus fieri ſæpius 6 pleniarem 
eſſe, quam æſtate. 
13. Phænomenon hoc ab ali a repetere neſcjo, 
quam a vicinia majore ſolis, in fine Decembris ad peri- 
gæum delapſi; niſi farte partem aliquam ſibi vindicet in- 
citatio major, eo temparis, in annuo telluris motu; ut ali- 
quid fortaſſe concedendum fit etiam ingenioſe GALILE! 
theoriæ; ut dum aquæ, vi attrahente corporum cœleſ- 
tium, attolluntur, patiantur ſimul agitationem aliquam ob 
inzqualem motum telluris. | 
VoL. LXVII. X 14. Porro 


* „ 3 
1 TOALDO'de. Mfu 
14. Porro ſex illis menfibus hybernis contingunt 
etiam procellæ majores, atque inundationes urbis, in vis, 
foris, ac Tocis minus eminentibus. Hoc loco quzſtionern 
de majore altitudine aquarum, atqueelata ſuperficie maris 
noſtri minime movebo. Illam tractarunt abunde cl. 
MANFREDIUS in Ali: Academiæ Bononenfis, tom. II.; 
JANUS PLANCUS) 1. c.; CL. ALBERTUS FORTIS in Deęſerip- 
tione inſule CHERSO ATQUE OSERO. $ Xvi.; probaruntque, 
aquas Adriatici reverà altiores eſſe hiſce annis quam ſæ- 
cutis præcedentibus. 8 "Nunc ſane fepius acceffus aqua 
rum Venetiis pertingunt ad ea loca, ad que nunquam 
antea perveniebant. Itaque necefle eſt hodie attollere 
ſtrata viarum, ac præcipue ciſternarum, quz aquas plu- 
vias excipiunt, ne in magnis æſtubus ab aqua falfa infici- 
antur. Nec mirum fit, in lacunà urbem ambiente, exiſ- 
tere tractus non exiguos qui ab æſtu fere jam nunquam 
regantur; ſolum enim lacunz elatum eſt, atque extolli- 
tur quotidie (licet magnis. ac prorſus regiis ſumptibus 
omnes fluvii a lacuna jamdiu depulſi fuerint) ob; a- 
menta aquarum, ac maris alluviones. 
Ad æſtus quod attinet, ex diario domini TEMANZA, at- 
que ex ſolutis quibuſdam ſchedis, erui menfuram mediam 
æſtùs, annis biſce, prout in appoſita tabella. 
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1752 T 10,53 | | 
1753 2 o, 35 1 1,66 
1754 1 11,88 
I755 1 11,717 
1760 S. TY | 
1764 2 3532 
2 0,57 +2 1,26 
1766, Jun. 2 o,r16| 
1769 2 13513 


xs 


1 quinque poſteriorum annorum obſervationes fideles 


eſſent, ut priores (quod tamen ne ipſe quidem D. E- 


MANZA omnino ſpondet) manifeſto evincerent, æſtum 
maris Venetiis, annis hiſoe proximis, ſummatim creſcere. 
Quod credibiles reddit obſervationes ipſas eſt id, quod 
modo aiebam, aquas hoc tempore, quàcunque de cauſl, 
inſolitos acceſſus facere, et inundare ea loca quæ num- 


quam antea attingebant. Satis de hac quzſtione. 
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I 5, Modo, 
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1 5. Modo, data occaſione, non eſt tacendus curſus 
quidam generalis aquarum in toto Adriatico, qui eſt extra 
controverſiam, et cd bog Uitio 'n&h-tHhutilis eſſe poteſt 
ratione navigationis. Detectus eſt ergo curſus quidam, 
ſeu motus aquæ, qui ingreditur ſinum noſtrum a dextra 
parte, fitque ſecundurm littora Epiri, Dalmatizez atque Hiſ- 
triæ; torquetur per ſinum Tergeſtinum, reffuitque ra- 
dendo or#% Fofojulienfes, Venetas, Ravennates; reliquas in 
ditione pontifici acregni Neapolitani, egrediturque a parte 
ſimiſttrà. Hinc naùtæ noſtri, cum a Corcyrà atque Ionio, 
Venetias petunt, legere conſueverunt Epiri ac Dalmatiæ 
uttora; cum contrà Venetiis Corcyram tendunt, navigare 
ſtudent ſecundum littora pontificia ac Neapolitana; con- 
tenduntque, eodem vento, ac ceteris paribus, hac via 
multo ptus itineris 'confici, quam ſecus. 

16. Circularem hunc aquarum in Adriatico fluxum 
detexit primus, ni fallor, inter ſciptores GEMINIANUS 
WON TANARIVs, profeſſor Patavinus, anno 1681, dum 
juſſu publico lacunam viſitaret. Rem litteris tradidit, ut 
videre eſt in ejus commentario Italico, cui titulus, I Mare 
Adrtatico, e ſua corrente eſaminuta, in Colleckione Autorum 
qui de Muis currentibus ſoripferuut, vol. iv. recentisedi- 
tions Florentinæ, 1768. Ex pregreſfu corporum- aquæ 
innatantium (puta infularum quarumdam ex putrefactis 


radicibus arundinum paluſtrium concretarum, quarum 
3 plurimæ 
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— concreſcunt in paludibus Adrianis) arguit MON- 
TANARIUS, eurſum hunc aqua in Adriatico conficere 
milliaria tria vel quatuor intra horas xxiiii. At ANUS. 
rLANCts, qui eundem hunc curſum et agnovit et obſer- 
vatione: confirmavit, ut videre eſt libro laudato, putat, ex 
pragreſſu cadaverum fluitantium, que aliquando curſu 
hoc deferuntur ad littora inferiora Ariminenſia, putat, 
inquam, eſſe adhuc velociorem. 
17. Opinatur porro ingenioſe MONTANARIUS, fluxum 
hunc in Adriatico 'derivationem eſſe curfts generalis in 
Mediterraneo. Teſte enim FOURNERIO in Hydrographid, 
6ceant aquz, per fretuin Gaditanum, Mediterraneum-in- 
grediuntur a parte dexterà, vel Africze; bujus littora ra- 
dunt uſque ad Egyptum et Syriam; inde convertuntur 
per oras Ali, fortaſſe circumeunt Ægeum, legunt oras 
Peloponnehi, ingrediuritur in Adriaficum eo modo quo 
diximus, atque inde excundo, peragrant littora infera 
Italiæ, aber Galliæ, Hiſpaniæ, ac tandem per fretum 
Gaditattum, à parte finiſtra, in oceanum exonerantur ac 
revertuntur. | 

x8. Hec habebany quæ de W in firu Ve- 
veto proferrem. Noh 'ingratum, opinor, erit accipere 
concluſa qu dam ex 'obſervationibus ad æſtus maritim 
theoriam ſimill pertinentia, ac doctrinam Ew TONIAx AM 
mirifice {Nviftrantia. 


19. Conferre 


* 


Wy vnd W 


rg. Conferre primutti plaeuit aeſtus ſyzigiaram com 


-eſtibus quadraturarum, eductis numeris 'mediis zſtuum 
quinque dierum eirea ſingulas, elicitiſque mediisimedio- 


magis debet aquas, quam in ny" hi — numeri 
additi ſunt: ecce tabellaan . (+ 


 Zſtus medius ratione ſitus Lunæ. 


| * * 


. Quad. 


Patet, 15, æſtus ſizigiarum medios valde excedere 
æſtus quadraturarum; ut fi numeri utriuſque ſyzigiæ, et 
quadraturæ, componantur, æſtus medius ſyzigiarum ſit 
pollicum 28, 3, quadraturarum 16, 3, in ratione fere 7: 4. 
25 Animadverti poteſt, æſtum plenilunii plerumque eſſe 
paulo majorem æſtu novilunii, ut quodammodo magis 
videatur retrahi a luminaribus maſſa globi terreſtris, 


rum ſgwlis illis quinque annis exactis. Et quia Luna, 
cum ſita eſt in perigæo, ob viciniam majorem, attollere 


Pr. Du 4. 4 Flenil. | o Apogzo., 
| $a 19 2+ 18 1 10,0 
1 42 |2 58 [ 1 7,1 
| 7 | | 
1 5,9 |2 58|1 2 ©6 | 
bo 1,3 | 2 3,8 T | | 2 135 T 
| 1 5.8 2 40 | 1 1 10,8 
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quam aquæ oceani, utroque in ſitu, i 0 novilumio quidem 
ſecundum elationem aquarum; in plenitunio vero lumi- 
naribus divulſis, et in oppoſita trahentibus, contra niſi um 
aquarum. Hinc enim ſequitur, zftum ptenilunii ali- 
quantulo elatiorem effe debere. Utcumque fit, certe 3* 
æſtus Lunæ perigez, prout ratio poſtulat, ſuperat æſtum 
Lunæ apogeæ, in ratione 2 5,2 ad 22, vel circiter I. ad 73. 
quæ eſt proportio apparentis diametri Lunaris a perigæo 
in apogæum. 1 

20. Porro juxta theorĩam phyſicara, ratione gala ones 
et locorum terreſtrium, ſi cætera ſint paria, maximi fieri 
deberent æſtus, ſpectata tellure tota, cum Luna imminet | 
linez æquinoctiali; ratione vero loci peculiaris, aqua 
magis attolli debent, cum Luna, dedinatione, cognomini . | 
latitndini” geographicæ efuſdem loci potitur; minime in 
oppoſita. Confeci ergo ſummas æſtuum, pro diebus qui- 
bus Luna morata eſt (quinquennio hoc) in fingulis 20 
diaci fignis: ex his ednctos numeros medios expoſui in 
adjecta tabelli. 
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275 Summatim ſignorum auſ- 


| 


bd Eid obſerratigncs Numum ar- 
= norum quam quinquę, ut in- 


tegræ revolntionis - nodarum 
Lung vel Jalkem apſidum ; ęt 


| bis. Bug peraGas dichys G- 


gulis, pro utroque acceſlu 24 
receſſu æſtũs. Interim tabula 


hec oſtendit: 17, Minimum 


zſtury in Mari noſtrp cpntin- 
gere, prout jubet theoria, Lung 


Ggnaum Capricarni obeunte. 


traum zftus minores eſſe, 
quam borealium; 37, ſtum 
Cancri, et auſtralium omnium 
(exceptà libra) et borealium 
aſcendentium eſſe maximum; 
ſed 45, ſuperari ab æſtu trium 
ſignorum deſcendentium Leo- 
nis, Virginis, ac Libræ, quod 
videtur principus noſtris re- 
pugnare, ſed res facile expli- 
catur. Primum enim actio 


Lunæ in oceanum generatim 


maxima 


Maris , 


inde in fignis deſcendentibus, prope æquinoctium libræ, 

collectio quædam cumuluſque aquarum fieri debet, ex 
præcedente impreſſione, in ſignis borealibus (ratione cli- 
matis noſtri) et ob vim inertiæ in aquis ipſis. Quare 
æſtus circa Virginem ac Libram debent eſſe generatim 
maximi, prout ſunt in tabula. 

21. 5% Adnotavi pro ſingulis annis locum perigzi 
Lunaris; ex quo apparet, perigæum ipſum, motu ſuo, 
altiores æſtus ſecum quaſi trahere a ſigno in fi gnum, a 
Tauro ac Geminis, 1751; ad Cancrum, 1752; ad Leo- 
nem, 1753; ad Virginem ac Libram, 17 54; ad Scarpio- 
nem, 1755. Præterea anno I7 53, quo anno perigæum 
proximum erat vertici noſtro, æſtum annuum videmus 
fuiſſe maximum : omnia juxta theoriam. 

22. Similes vices, hortante CL. LAMBERTO, academico 
Berolinenſi, ex obſervationibus quadraginta annorum CL. 
POLENT, R. s. s. quæ ſunt apud me, deprehendi in motu 
barometri. Sed de hoc e gi in Specimine meo Meteorolg- 
gico, et in opuſculo, cui titulus Nove Tabule Barometri, 
agamque fortaſſe alias. | 

Interim opto, haſce qualeſcumque notitias meas de 
ſtu maris Veneti, a Societate Regia non inutiles judi- 
cari. Vale, vir præſtantiſſime, ac favere perge addic- 


tiſſimo cultori tuo. 
Dabam Patavii, ꝙ calendas Nov. 1776. 
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maxima elle debet cum verſatur prope æquatorem; de- 
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X. A Leiter from Mr. Peter Wargentin, F. R. S. Secre- 


tary to the Royal Academy of Sciences at Stockholm, 70 
tbe Rev. Nevil Maſkelyne, B. D. F. R. S. and Aſtro- 
nomer Royal; concerning the Difference of Lon gitude of 
the Royal Obſervatories at Paris and Greenwich, reſult- 

ing from the Eclipſes of Jupiter's fr Satellites, obſerved 
during the laſt Ten Years: to which is added, a Compa- 
rative Table of the correſponding Obſervations of the 
Fist Satellite, made in the principal Obſervatories. 


Vir plurimum reverende atque celeberrime, 


Read Feb. 6, 


ETIISTI in utriſque litteris tuis, © ve- 
1777. 


“lim obſervationes ſatellitum Jovis, 
4 precipuc primi, a te ENO ICI, et a Cl. p. MESSIER 


© PARISITS, ab anno 1765 habitas, inter ſe conferre, ut 


* inde eliciatur vera differentia utriuſque meridiani: 

huic deſiderio tuo lubens fatisfacio. 
Tuis obſervationibus primi ſatellitis non niſi x7 cor- 
reſpondentes MESSIER11 obtigerunt; quarum 8 fuerunt 
immerſiones 


Mr. WARGENTIN'Ss Litter, Sec. 163 


immerſiones, et ꝙ emerſiones. Ipſas obſervationes, inter 
ſe et cum multis alis, atque cum poſtremà editione mea- 
rum tabularum (ea ſcilicet, quam alteri editioni aſtrono- 
miæ ſuæ inſeruit Cl. DELALANDIUS) comparatas, videas 
in ſubjunctà appendice, in qua Paris Cl. indicat obſer- 
vationes MESSIERII, in palatio Clugny; Paris O. autem, 
in ipſo obſervatorio regio habitas. Hic ſufficiat attuliſſe 
reſultantes a quovis immerſionum et emerſionum cor- 
reſpondentium pari, meridianorum differentias. 


Ex immerſionibus correſp. Ex emerſionibus. 
1765, Dec. 24. prodit diff. merid. 8 35 f| 1767, Apr. 9. differ. merid. 9 49 
1769, Apr. 12. 931 1768, Mai. 11. 9 29 
Apr. 28. 9 58 Jun. 3. 9 33 
1772, Jun. 9. 9 59 Jun. 19. 10 16 
Jul. 11. 9 23 1769, Mai. 16. 9 26 
1774, Sept. 26. 9 49 | Jun. 8. 9 45 
Oct. 3. 9 26 || 1170, Aug. 5. 9 IT 
OR. 21. 9 47 || 1773, Od. 25. 9 23 
Media ex imm. merid. differ. 9 39 8 885 2.92 | 
Med, excluſa prima, 9 42 | Media ex emerfionibus, 9. 37 


| Med. excluſa quarta, 9 32 


Tu, vir celeberrime, fere ſemper uſus es teleſcopio NnEw- 


TONIANO 6 pedum: CL. MESSIER plerumque GREGO- 


RIANO 2+ pedum, vel acromatico 3; pedum, vel alus 
Y 3 #quales 


* 
* wo 
' 
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æqualis fere potentiæ, quorum neutrum non pluſquam 
centies objectorum diametros amplificat. Æquales fere 
inventæ per immerſiones et emerſiones correſpondentes 
meridianorum differentize, ſatis indicare videntur, ferme 
æqualis quoque præſtantiæ fuiſſe utriuſque obſervatoris 
inſtrumenta. Alium et certiorem modum ea compa- 
randi neſcio, præcipuè cum tu '” nullibi indicaveris po- 
tentiam tui NEWTONIANI: nam longitudo ſola ambiguum 
eſt argumentum. 

Per medium itaque deductum ex 7 paribus immer- 
ſionum et 8 emerſionum, invenitur differentia inter 
meridianum GRENOVICENSEM et obſervatorium CL. 
MESSIER, / 38”; vel ſecluſis uno immerſionum uno 
emerſionum pari, utpote que nimium a reliquis re- 
cedentem, indicant meridianorum differentiam, 9 37“; 
adeoque foret inter obſervatorium GRENOVICENSE et 
regium Parifinum «9 35“, hoc eſt 19 ſecundis major 
quam hucuſque putavimus. Obſtupui videns tantam 
incertitudinem circa veram meridianorum differen- 
tiam inter duo præcipua orbis obſervatoria, eaque vici- 


na, in quibus ingens obſervationum numerus, annis 


(a) The diameter of the aperture of this teleſcope is 9,4 inches, as is men- 


tioned in the preface to my Greenwich Obſervations, from 1965 to 1774, pub- 
liſhed this year. N. M, 


pluſ quam 


the Difference of Longitude, &c. "_ 
pluſquam 100, habitus eſt. Quid tum de aliis ſentien- 
dum? Ab una parte vix perſuadere mihi poſſum, tantum 
errorem tamdiu potuiſſe latere; vel com paratas obſerva- 
tiones eclipſium Solis, Lunæ, occultationum fixarum, &c. 
tam multum potuiſſe fallere: ab alterà, egregius 15 bo- 
narum obſervationum conſenſus, haud facile fortuitus, 
fidem quandam mereri videbatur; niſi obſervationes ſa- 
tellitum, ad determinandas accurate longitudinum dif- 
ferentias, prorſus inepats judicaveris. 

Ad tollendum hoc dubium, conſului obſervationes 
pri mi ſatellitis, eodem tempore, in ipſis obſervatorns re- 
giis, quarum non nifi duz ſunt immerſiones, ſed novem 
emerſiones. 


Immerſ. | Emerſ. 
by " | | # Mt 
1767, Jan. 12. diff, merid. 9 16 1766, Apr. 11. 9 55 
1772, Jul. 11. 9 4 1767, Mart. 22. 9 36 
r. 16. 

Medium ex hiſce duabus, 9 10 pr 30. a = 
| Mai, 9» 9 47 

Jun. 1. 10 28 
Jun. 3. 9 4 

1769, Jun. 8. 10 13 

1773, Oct. 5. 9 37 

Medium ex omnibus, 9 42 

[| excluſis 64 et 83, 9 32 


1 : Harum : 
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Harum longe minor eſt conſenſus: ſi tamen ſumatur 
medium, erit id 9' 26” vel 970 21”. 
Ulterius comparavi ſeptem paria immerſionum et 4 
emerſionum, annis 1761—1764, in utroque obſerva- 
torio captarum: medium ex prioribus reperi 9 26% ex 
poſterioribus 9 30“. Et ne quid deeſſet, excuſſi quoque 
obſervationes ante annum 1700 factas; inter quas 12 
immerſiones correſpondentes indicant, per medium, dif- 
ferentiam meridianorum 97 57“; ſed 7 emerſiones tan- 
tummodo 8/ 45”: ex hoc utroque medio reſultat novum 
9 217%. 
Porro tentavi, mediantibus meis obſervationibus, quo- 
rum multæ tuis ſunt correſpondentes, multæœ Pariſienſi- 
bus, quæſitam ſtabilire meridianorum differentiam. Ego 
ſemper uſus ſum tubo achromatico DOLLONDIANO IO 
pedum, cum oculari, quod objecta 90 amplificat, et valde 
diſtincta reddit. 


the Difference of Longitude, dec. 


Immerſ. correſp. | Emerſ. 

| un | 0 9 

1765, Dec. 1. I 12 34 1766, Mart. 5. I 12 11 
(5) 1766, OR. 10. 1 12 14. || 1767, Jun. 1. s i2 57 
1768, Apr. 2. 1 13 10 1768, Jun. 12. I 12 16 
1769, Mart. 29. 1 1x 47 || 1769, Mai. 16. 111 32 
1774, Sept. 12. I 12. 32 Jun. 8. I 12 19 
Oct. 3. 1 12 12 1771, Aug. 17. 1 12 0 

1775, Oct. 1. 1 12 59 | Sept. 25. 1.12 8 
. * 1772, Sept. 27. I 12 14 
Medium, 3 1 12 14 || 1773, OR. 25. I 12 31 
Sed tua obſervatio, die 10 Oct. 1766, 1774, Dec. 29. 1 12 23 
vix recte ſe habere poteſt. Illi 1375, Feb. 22. I 12 16 
neglectà, manet ex reliquis me- Dec. 27. 1 12 12 
dium, 1 12 32 1 

|| Medium ex his, 112 11 


Obſervationes emerſionum ſatis pulchre conſpirant: 
medium ex immerſionibus et emerſionibus innuit dif- 
ferentiam meridianorum Grenovicenſis et Stockholmenſis 
Ih 12 21”. Perſuaſus ſum eam 1h 12/ 20%C vix eſſe mi- 
norem. Per medium ex 8 obſervationibus correſponden- 


( There was a miſtake of twelve hours in ſetting down this obſervation at 
Greenwich, by the clock keeping fidereal time, which made an error of 1" 49/7 
in the reduction to apparent time. The cotrect time of immerſion is 16 59 31”, 
which happens to agree exactly with Mr. wazGenTIN's calculation, and the 
difference of longitude of Stockholm and Greenwich by this obſervation is 
1 12' 14” inſtead of 1" 100 25 ſet down above; and the mean difference from 
all the ſeven correſponding immerſions is 1 12' 30“. See the errata printed 


with my Obſervations. N. It. 
tibus, . 


: | , — 
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tibus, que habitæ ſunt annis 17611764, emergit 
1b 12' 25”, 

Quod attinet differentiam meridianorum obſervatorii 
Pariſienſis et Stockholmenſis, ex 8 immerſionibus et 13 
emerſionibus primi ſatellitis ſimul in utroque notatis ante 
annum 17 60, concluſi eam, per medium, eſſe 1 2/ 51”. 
Sed 7 immerſiones et 12 emerſiones correſpondentes, 
factæ poſt annum 1760, eam paulo minorem, ſcilicet 
2/ 47”, reddunt. Nihilominus, cum per obſervationes 
quarundam eclipſium ſolarium evincere conati ſunt cele- 
berrimi viri, pix RE, DU SEJOURS, et LEXELL, eam pau- 
cis ſecundis eſſe majorem, non refragabor aſſumere eam 
1h 2/ 55, qua ſubtractà ab inventà differentia obſervato- 
rorum Grenovicenſis et Stockholmenfis 1h x 9/ 21”, reſtat 
differentia Grenovicenſis et Pariſienſis 9 26”, 

Omnes itaque hz diſquiſitiones teſtantur, differentiam 
quæſitam majorem eſſe g/ x06” quantam hucuſque exiſti- 
mavimus; et ni fallor ad 9g' 25” proxime accedere; de qua 
re tamen totum ad te, vir celeberrime, defero judicium. 

Interim hinc apparet, arduum ſane eſſe, præciſas me- 
ridianorum differentias, ope obſervationum ſatellitum 
Jovis, determinare. Fixarum occultationes a Luna, probe 


obſervatæ et excuſſæ, certiorem ſine dubio ſuppeditant 
methodum. 


Valde 


the Diferauce of" Longitude, &cc. £65 
Valde miror, quare ili; qui bonum teleſcopium vel 
tubum habent, eo non ſemper in obſervandis ſatellitibus 
utantur, ſed jam hoc, jam 'alis, forte minus præſtanti- 
Obſervationes multum dubias, vel aeris vitio vel aliam ob 
cauſſam, ne quidem in diarium refero, nam nulla obſer- 
vatio præſtat malæ. Quantum make obſervationes, pro 
bonis venditatæ, me confuderint et torſerint, dicere non 
poſſum. | 
Quartus, die 8 Februarii hujus anni, eclipſin tantum 
partialem paſſus eſt. Magnum tu in me amicitiæ ſig- 
num id interpretabor, ſi, quovis anno finito, tuas mecum 
communicare velis obſervationes ſatellitum; nam his, 
etiam ſenex, delector. Hanc quoque provinciam, exa- 
minandi motus ſatellitum, mihi, quaſi tacito conſenſu, de- 
tuliſſe videntur collegæ aſtronomi. Ceterum ingruens 
ætas, nimiæ occupationes quas ſecretarii munus in- 
jungit, defectus inſtrumentorum (nam murali nondum 
inſtructus ſum, quidquid dicat Celeb. LALANDIUs) ut 
taceam modicas ingenii vires, vetant quo minus aliquid 
tua vel aliorum exſpectatione dignum præſtare poſſim ' 9. 
Frigus hac hieme in Suecia continuum fuit, a 28 Dec. ad 
5 Februarii; ſed neutiquam, pro ratione climatis, præter 


* 


(c) Notwithſtanding the author's modeſty, the aſtronomers of Europe know 
him better, and lament with him that he is not ſo well provided with capital 
inſtruments as he wiſhes and deſerves to be. N. M. 
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modum, rigidum: plerumque 5 vel 10 gradum thermo- 


nivis copia apud nos fuit, quam pro ſolito. Miror itaque 


metri REAUMURIANT. Diebus tantum 26 et 27 Januarii, 
ad 17 et 18 gradus exaſperatum fuit. Minor quoque 


intenſitatem frigoris, eodem tempore, apud exteros. 


Dab. Stockholmiæ, die 19 Mart. 1776. 


Obſervationes primi ſatellitis Jovis in præci puis obſerva- 


Ann. Temp. Obſervationis. 


M. D. 


1765. Sept. 21. 


Oc. 23. 
Dec. 1. 


1-66. Jan. 2. 
9. 

16. 

23. 

25. 


h 1 Wt 


16 53 22 Im. 


13 31 6 
10 40 11 
11 33 25 
11 50 56 
11 52 45 
12 3r 34 
14 22 3 
15 31 40 
10 115 
16 12 19 
10 39 27 
10 48 2 
11 49 6 
8 8 44 
9 40 16 
11 50 51 
13 40 32 
8 8 30 


h Us "I 


16 53 15 
13 31 30 
10 40 48 
11 33 33 
6 
11 52 59 
12 31 25 
14 21 40 
15 31 52 
10 1 26 


00 25 + Tyrnav. 


toriis habitz, inter ſe et cum tabulis comparatæ. 


Calculus. Diff. Calc. Obſervatorium. 


* i 


o 7 — Stockholm. 
o 24 + Tyrnav. 

o 37 + Greenwich. 
o 8& + Lund. 

o 4 + Tyr nav. 
O 14 + Stockholm, 
o 9 — Greenw, 

o 23 — Creenw. 

o 12 + Tyrnav. 

o It -+ Stockh. 

o 32 — Greenw. 

o 8 — Greenw. 


o 35 + Paris Cl. 4. 


o 40 + Stockh. 4. 

o 21 + Lund. 

o 26 + Stockh. 

o 56 + Upſala d. 

1 © + Upſala 4. 
Obtervationes 
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the Difference of Tongitiide, 8c. 


oObſervationes comparatz'primi ſatellitis Jovis. 


Ann. Temp. Obſerrationis. - Calculus. Diff. Calc. Obfervatorium. 


M. D. M38. 4 7. oy 
1766. Jan. 28. 8 10 39 Im. 8 11 10 o 31 ＋ Stockholm. 
Febr. 15. 16 6 31 Em. 16 6 14 0 17 — Upfala. 
24. 12 31 20 — 12 31 48 o 28 + Stockholm. 
Mart. 5. 7 43 55 = 7 44 25 o 30 + G-eemy, 
8 8 4. - 8 54 56 o 8— Upſala, 
856 6 - 8 56 36 o 30 + Stockh, 
9 45 36 — 9 45 39 o 3 + Peterſd. 
10, 15 20 27 — 15 20 58 o 31 + Paris. Cl. 
15 20 35 — 15 20 56 o 21 + Paris. O. 
m 999 $4 e o 9 + Paris. O. 
9 49 56 — 9 5I 5 o 9 + Paris, Cl. 
10 33 12 — 10 33 32 o 20 ＋ Lund. 
10 50 41 — 10 50 59 o 18 + Tyrnav. 
10 50 53 — 10 51 18 o 25 + Upſala. 
10 52 13 — 10 52 58 © 45 + Stockh. 
11 41 56 — 11 42 1 o 5 + Peterſb. 
19. 12 30 15 = 12 30 8 © 7 — Lund. 
12 47 52 — 12 47 54 o 2 + Upfal. d. 
21. 7 16 36 — 716 48 o 12 + Tyrnav. 
26. 13 33 36 = 13 34 13 o 37 + Greenw. 
28, 8 12 33 — 8 12 44 o 11 + Paris. Cl. 
SD 09 — 94 v3 o 3 — Wien. 
Apr. 4. 1110 7 — 11 10 48 o 41 + Upfala. 
11 10 21 — 11 10 29 o 8 + Tyrnav. I 
bs. 236 4 — 338 22 2M o 24 + Stockh. * 
11. 11 56 30 — 11 56 59 o 29 + Greenw. || 
12 6 25. - 12 © 15 o 10 — Paris. O. by 
13 2 32 — 13 2 26 o 6 — Wien. 4 
20. 8 31 218 — 8 31 49 o 31 + Paris. Cl. ] 
11 Eo O 10 + Paris. O, 1 
90 27 8 9 27 58 o 2 + Wien. 11 
932 30 — 9 32 43 o 13 + Tyrnav. (| 
Z 2 Obſervationes | | 
4 
; 
i 


Y nd | * Rad. - 
. » e 
- 


Mr. WARGENTIN's Laster on 


Obſervationes comparatæ primi ſatellitis Jovis. 


Anni. Temp. Obſervationis. | Calculus. Diff. Calc. Obſervatorium. 
M. D. 3 1 77 1 | [PETTY 
1766. Apr. 20. 9 34 24 Em. 9 34 42 © 18 + Stockholm. 
| 10 23 9 — 10 23 45 o 36 + Peterſb. 
2% 11 30 20 — 11 30 42 o 22 + Stockh. 
May 13. 9 47 45 = 9 48 2 o 17 + Tyrnav. 
9 49 24 — 9 $a. 1 © 37 + Stockholm. 
20, 11 26 2 — 11 36. 4 o 8 — Lund. 
Jun. 5. 9 54 1 — 9 53 44 O 17 — Wien. 
9 58 39 = 9 58 29 © 10 — Tyrnav. 
OR, ro. (d) 17 1 20 Im. 16 59 31 1 49 — Greenw. 
18 11 45 — 18 11 42 o 3 — Stockh. 
26. 16 27 59 — 16 28 13 o 14 + Tyrnav. 
New &. ‚ 323 81 -9 = - 437 2-28 o 9 + Paris. Cl. 
18 22 20 — 18 22 12 o 8 — Tyrnav. 
18 24 19 — 18 24 11 o 8 — Stockholm. 
18. 16 36 1 — 16 35 51 o 10 — Tyrnav. 
25. 18 927_ — 18 10. 1 o 34 + Lund. d. 
18 29 37 — 18 29 27 © 10 — Stockh. 
1 Dec. 4. 13 44 46 — 13 45 9 o 23 + Paris, O. 
| 13 4 53 = 13 45 1! o 18 + Paris. Cl. 
18. 17 25 29 — 17 25 29 o o Paris. O. 
1767. Jan. 3. Is 24 3 — 1 23.57 © 4 — Greenw. 
12. 11 41 41 — 11 42 15 © 34 + Greenw. 
11 50 57 — 11 51.31 O 34 + Paris. O. 
26. 15 3434 = 15 34.40 o 6 + Paris. Cl. 
Feb, 2. 17 26 54 — 17 27 20 Q 26 + Paris. Obſ. 
7-87 3Y ee o 9 + Paris. Cl. 
13. 9 18 13 — 9g 18.44 o 31 + Tyrnav. 
20. 11 14 44 — 11 15. 14 o 30 + Stockholm. 
27. N ‚˖·¾”.u..  & x o 59 + Greenw. d. 
Mart, 17. 8 12 16 Em. 8 11 32. © 44 — Tyrnav. 
22. 14 28 48 ' = 14 28 40 o 8 — Greenw. 


(4) This obſervation rightly reduced to apparent time is 16* 59/ 31“, which 
happens to agree exactly with Mr. WAROCENTIx's calculation. N. . 
Obſervationes 
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Obſervationes comparatæ primi ſatellitis Jovis. * 


" 


o 24 + Upſala. 
o 13 — Tyrnav. 
© 12 + Stockh. 
o 11 — Upfala. 
© 16 + Stockh. 
o 12 + Greenw. 
o 19 — Paris. Cl. 
© 16 — Greenw. 
o 30 + Greenw. 
© 14 + Paris. O. 


12 23 22 12 23 10 o 12 — Tyrnav. 
12 23 42 12 23 29 o 13 — Upſala. 
12 24 30 12 25 9 © 39 + Stockh, 
13 9 10 13 8 47 o 23 — Greenw. 
13 18 15 13 18 3 o 12 — Paris. O. 
Mai. 9. 9 32 26 9 32 58 o 32 + Green. 
| 9 42 13 9 42 14 © 1 + Paris. O. 
- (© 03 75 10 43-10 + © 3 + Tyrnav. 
12 38. 6 I2 37 54 © 12 — Tyrnav. 
| 10 75 32 10 15-17 © 15 — Philadelphia. 
Jun. 1. 9 44 1 9 44 20 o 19 + Greenw. 
9 54 29 9 53 36 © 53 — Paris. O. 4. 
10 56 8 10 56 31 © 23 + Stockh. 
Ii 37 42 11 37-49 © 7 + Greenw. 
11 46 46 1147 5 o 19 + Paris. O. 
Nov. 21. 19 10 24 19 10 35 o 11 + Lund. 
Dec. 23. 14 43 47 14 43 45 o 2 — Paris. Cl. 
| 16 24 27 16 24 16 o 11 — Greenw. 
1768. Jan. 22. 16 24 13 — 16 23-37 o 36 — Greenw. 
31 12 $3 11 12 52 56 oO 15 — Pans. O. 
12 53 22 12 52 58 o 24 — Paris. Cl. 


Obſervationes 


— dh. oaths dias ths 
h * l 
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p C 4 = y = _ 
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Obſcrvationes comparatæ primi ſatellitis Jovis. 


Ann. Temp. Obſervationis. 


M. D. 


16. 


11. 


1 | 
1768. Feb. 14. 16 39 50 Im. 
e 1- 87 32 37 


4 47 


12 8 37 


12 8 54 


12 11 9 
12 59 24 


9 40 49 
14 57 57 


15 $8 20 
10 26 59 
17 54 32 
11 22 15 
12 22 40 


13 13 25 


13 32 17 


9 39 © 


1-008 PF 42 
1043 3 


9 58 1 
10 43 56 
11 34 52 
1 
12 42 43 
12 137 


8 56 50 


13 57 19 
8 35 11 


10 31 ©: 


11 32 18 
11 33 22 
12 16 46 


12 26 15 
6 


Calculus. Dif, Calc. Obfervatorium. 


a " 
16 39 28 
17 42 21 
12 9 14 
12. 8 55 
I2 10 54 


22 39 $7: 


9 47 26 


14 57 21 


15 58 15 


10 27 4 


17 54 10 
11 21-56 


12 22 50 


13 13 52 
_ 33 32 47 


9 38 56 
15 29 3 
9 43 16 


9 58 6 


10 44 12 
11 35 14 
11 30 25 
12 42 36 
1 1 10 
8 56 33 
13 57 10 
8 35 26 
10 30 56 
11 31 50 
11 33 49 
12 16 46 
12 26 4 


0 o0Oo0OOO 0 o 


0000000000000000000000 06 


, 


0 


M 
22 — Paris. Cl. 
16 — Stockh. 
37 + Upſala. 
1 + Tyrnav. 
15 — Stockh. 
33 + Peterſburg. 
37 + Philadelphia, 
36 — Paris, Cl, 
5 — Tyrnav. 
5 + Tyrnav. 
22 — Upſala. 
19 — Paris. Cl. 
10 + Tyrnav. 
27 + Peterſburg. 
30 + Geneve. 
4 — Peterſburg. 
© Geneve. 
13 + Paris. O. 
5 + Geneve. 
16 + Tyrnav. 
22 + Peterſburg. 
52 + Greenw. d. 
7 — Stockh. 
23 — Greenw. 
17 — Philadelphia. 
9 — Greenw. 
15 + Paris. Cl. 
4 — Paris. Cl. 
28 — Tyrnav. 
27 + Stockh. 
© Creenw. 
11 — Paris. Cl. 


Obſervationes 


M. D. 


. 
Jun. 3. 


12. 


19. 


Jul. 5. 


1769. Jan. 17. 


Feb. 2. 
16. 


23. 


Mart. 20. 
29. 


10. 


21. 


1768. Mai. 20. 


10 43 14 
12 28 6 
12 37 39 
8 50 16 
10 o 23 
IO. 2 32 
10 43 27 
10 53 43 
98 5 
18 37 12 
16 46 30 
14 21 10 
14 21 51 
16 15 1 
16 16 21 
16 9 9 
12 26 7 


$3:34 „ 


13 36 54 
14 49 25 
14 50 48 
15 13 35 
15 32 30 
16 46 © 


11 14 27 


11.15 49 
16 16 8 


16 25 39 
12 50 14 


13 52 41 


ah a 1 8 * ; * 
the Difference of Longitude, "Vc. 


| Calculus. 


, "” 


8 49 29 
9 52 22 
10 43 44 


12 28 19” 


12 37 37 
8 50 18 


10 0 49 
10 2 29 


10 43 38 
10 52 56 
9 8 13 
18 37 6 
16 46 19 
I4 20 57 
14 21 49 


16 14 59 


16 15 $I 


16 9 3 
12 24 22 
13 34 34 
13 30 33 
14 49 49 
14 50 41 
1 
15 32 27 
10 45 41 
11 14 40 


11 15 32 
16 16 9g 


16 25 27 
12 50 1 
13 52 $4 
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Obſervationes comperate primi fatlltis Jovis. 


Diff. Cale. ' Obſervatoriund. 


M8 


O 25 — Paris, Cl. 
16 + Stockh, 
30 + Paris. Cl. 
13 + Greenw. 
2 — Paris, Cl. 
2 + Greenw. 
26 + Upſala. 
3 — Stockh. 
11 + Greenw. 
47 — Paris. Cl. d. 
8 + Paris. Cl. 
6 — Stockh. 
11 — Tyrnav. 
13 — Norriton. 
2 — Philadelphia, 
2 — Norriton. 
30 — Philadelphia. 
6 — Paris Cl. 


45 — Greenw. 
o© Tyrnay, 
21 — Stockh. 


24 + Norriton. 

7 — Philadelphiz, 
34 — Lund. 

3 — Stockh. 

19 — Norriton, 

3 + Norriton. 
oO 17 — Philadelphia. 
Oo 1 + Greenw. 

o 12 — Paris Cl. 

o 13 — Paris . 
o 13 + Stock“. 4. 
Cbſcrvationes 
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Obſervationes comparate-primi ſatellitis Jovis. 


Ann. Temp. Obſervations. 


M. D. 
1768, Feb. 14. 


16. 


11. 


'h / 17 


16 39 50 


1 42 37 


12 8 37 
12 8 54 
12 11 9 


12 59 24 


9 40 49 
14 57 57 


15 58 20 
10 26 59 
17 54 32 
11 22 15 
12 22 40 


13 13 25 


13 32 17 


9 39 © 


1 3 9 $3 
9143 3 


958 1 
10 43 56 
11 34 52 
19 
12 42 43 
8 18 


8 56 50 


13 57 19 
8 35 11 


0 


11 32 18 
11 33 22 
12 16 46 
12 26 15 


6 


Im. 


Calculus. 
1 i 


16 39 28 


17 42 21 
12 9 14 
12 8 55 
12 10 54 


22 39 37 


9 47 26 


34 $3-21 ©; 


15 58 15 


10 27 4 


17 54 10 
11 21 56 
12 22 50 


13 13 52 
23 33-471 


9 38 56 
15 29 3 
9 43 16 


9 58 6 


10 44 12 
11 35-14 
11 30 25 
12 42 36 
12 1 14 
8 56 33 
13 57 10 
8 35 26 
10 30 56 
11 31 50 
11 33 49 
12 16 46 
12 26 4 


Diff. Calc. Obſervatorĩum. 


£7 

o 22 — Pans. Cl. 
© 16 — Stockh. 

© 37 + Upſala. 

o 1+ Tyrnav. 

© 15 — Stockh. 

o 33 + Peterſburg. 
o 37 + Philadelphia, 
0 36 — Paris. Cl, 
o 5 — Tyrnav. 
0 5 + Tyrnav. 

o 22 — Upſala. 

19 — Paris. Cl. 
10 + Tyrnav. 
27 + Peterſburg. 


23 — Greenw. 
17 — Philadelphia. 
9 — Greenw. 
15 + Paris. Cl. 
4 — Paris. Cl. 
28 — Tyrnav. 
27 + Stockh. 
o© Creenw. 
11 — Paris, Cl, 


Obſervationes 


EEE EE EEE EE EE TS EM SS 4a = 


Ann. Temp. Obſervationis. 


M. D. 


1768. Mai. 20. 


25. 
Jun. 3. 


12. 


19. 

Jul. 5. 

1769. Jan. 17. 
Feb. 2. 

16. 

23. 


Mart. 20. 
29. 


10. 


21. 


4 " 


8 49 54 
9 52 6 
10 43 14 
12 28 6 
12 37 39 
8 50 16 
10 o 23 


10 2 32 
10 43 27 


10 583 43 
g's 
18 37 12 
16 46 30 
14 21 10 
14 21 51 
16 16 2 
16 16 21 


16 9 9 
14 26 7 


13 34 34 
13 36 54 


14 49 25 
14 50 48 
15 13 35 
15 32 30 
16 46 © 
II 14 27 
11.15 49 
16 16 8 
16 25 39 
12 50 14 
13 52 41 


, 411 


8 49 29 
9 52 22 
10 43 44 


12 28 19 


12 37 31 
8 50 18 


10 0 49 
10 2 29 
10 43 38 
10 52 56 
9 8 13 
18 37 6 
16 46 19 
14 20 57 
14 21 49 


16 14 59 


16 15 51 


16 9 3 
12 24 22 
13 34 34 
13 30 33 
14 49 49 
14 50 41 
IS "19-1 
15 32 27 


16 45 41 


11 14 40 


11 15 32 
16 16 9g 


16 25 27 
12 50 1 
13 52 $4 


00000000000000000000000000000 0 0 
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Obſervationes comparatæ primi fatellitis Jovis. 


| Calculus. Diff. Cale. Obſervatoriund. 


2. 


O 25 — Paris, Cl. 
16 + Stockh, 
30 + Paris. Cl. 
13 + Greenw. 
2 — Paris. Cl. 
2 + Greenw. 
26 + Upſala. 
3 —-dtockh. 
11 + Greenw. 
47 — Paris. Cl. 4. 
8 T Paris. Cl. 
6 — Stockh. 
11 — Tyrnay, 
13 — Norriton. 
2 — Philadelphia, 
2 — Norriton. 
30 — Philadelphia. 
6 — Paris Cl. 


45 — Greenw. 
O Tyrnav. 
21 — Stockh. 


24 + Norriton. 

7 — Philadelphia. 
34 — Lund. 

3 — Stockh. 
19 — Norriton, 
3 + Norriton. 
17 — Philadelphia. 
1 + Greenw. 

12 — Paris. Cl, 
13 — Paris . 
13 + Stock'r. 4. 


( 4011S a atliones 


* 9 Y 
7 
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Obſervationes oomparatæ primi ſatellitis Jovis. 


Ann. Temp. | Qbſetvationis 
MY *'- - 


1769. Apr. 28. 14 35 17 

14 45 15 

30. 9 13 42 

| 10 16 38 
Mai. 5 11 29 27 

11 30 28 

12. 10 37 6 

16. 9-31 35 

9.41 1 

10 43 7 

21. 11 55 13 

23. 11 34 52 

12 37 42 

28. 11 31 59 
Jun. 4 10 45 31 

„ 78 

* 10 11 32 

8. 9 40 56 

9 50 41 

931. 9 
10 51 45 

10 $3 15 

13. 7 8 16 

| cb OS. 

The 11035 33 

18. 14 33 36 

20. 9 143 

11 40 56 


22. 8 27 35 
24. 9 641 
27. 10 56 15 
29. 32 


1 . ad | 
- i. A. a a * 
- * 
P - 
- 


. WARGEN TIN'S Leiter os 


2 Calculus. 


h 1 71 
14 36 7 
14 45 25 
9 14 16 
10 17 9 


11 29 43 


11 30 35 
10 35 37 


930 54 


9 40 12 
10 43 5 
„ 
11 34 28 
12 37 21 
11 31 33 


10 46 31 


7 54 8 
10 IF 27 


9 41 20 


9 50 38 
9 50 36 


IO 51 51 
10 53 31 
7 8 28 


Is 4 1. 


It 34 53 
14 33 37 
9 7.37 
1141 11 
8 27 51 
+ 
10 55 39 
8 3 14 


o 50 + Greenw.- 

o 10 + Paris. Cl. 

oO 34 + Paris. O. 
*DO 31 + Stockh. 
16 + Norriton. 
7 + Philadelphia. 
29 — Otaheite. 4. 
41 — Greenw. 
49 — Paris. Cl. 4. N 

2 — Stockh. 

8 — Norriton. 
24 — Paris. Cl. 
21 — Stockh. 

6 — 8. Joſeph, 
o + Otaheite. 
10 + 5. Joſeph. 
5 — Norriton. 
24 + Greenw. 
3 — Paris. Cl. 
33 — Paris. O. 
6 + Upfala. 
16 + Stockb. 
12 + Otaheite, 

o Norriton. 
40 — Greenw. 

I + Otaheite. 
14 + Otaheite, 
15 + Norriton. 
16 + Philadelphia, 
22 + Tyrnav. 
36 — Otaheite. 
22 + 8. Joſeph. 


Seco MTE-ESSSEATESASSENMSENS £ aa... 


Obſervationes 


M. D. 


1769. June 29. 
Jul. 1. 


6. 


13. 
24. 

Aug. 23. 
1770. Jan. 29. 
Mart. 16. 


25. 


10. 


26. 
Jun. 4. 
11. 
20. 


Jul. 13. 


20 
Aug. 5. 


21. 

Sept. 13. 
1771. Mart. 28. 
Apr. 13. 
Mai. 22. 
Vor. LXXVII. 


Mai. 3. 


B 


10 21 55 Em. 
980 24 


11 © 59 
7 18 16 


- 11 51 49 


10 12 28 
7 15 48 
17 52 18 
17 2 47 
14 37 14 
13. 9 36 
14 45 45 


15 543 


13 2 18 
9.49 27 
12 35 22 
10 8 30 
1 
9 © 24 
9 59 15 
8 34 19 


 y 2 68 


9 20 42 
9 28 52 
IO 13 31 


10 30 25 


8 52 49 
8 15 14 
I6 45 22 
18 4 21 
13 46 13 


' the Difference of Longitude; Rc. 


h 1 


10 21 25 


90 


11 0 43 
7 17 56 
11 51 24 
10 11 41 
715 14 


17 :52 29 


17 2 46 


14 36 33 


13 9 33 
14 46 20 


15 5 46 


13 3-9 
9 41 18 
12 34 27 


10 8 6 


9 5 19 
9 538 
9 59 I 
8 34 33 
9 19 57 
9 20 16 


9 29 12 


10 13 34 


10 30 6 


8 52 47 
8 14 46 
16 45 6 
15 4 16 
13 46 28 
A a 


Obſervationes comparatz primi ſatellitis ] ovis. 
| Colculus. D Cate. Ob rv rium 


R 


0 30 — Philadelph. 


© 7 Greenwich. 
o 16 — Tyrnav, 
0-20 — Otaheite. 
0 26 = 8. Joſeph. 
o 47 — Paris. Cl. 
o 34 — Philadelph. 
o 11 + Tyrnav. 

o 31 — Greenwich. 
o 41 — Tyrnav. 

o 3— Tyrnav. 

o 35 + Lund. 

o 3 + Stockholm. 


. © 5x + Berlin. 


o 51 + Tyrnav. 

o 55 — Greenwich. 
© 24 — Stockholm. 
o 12 + Greenwich. 
o 46 — Chiſlehurſt, 
o 14 — Berlin. 

o 6 — Tyrnav. 

© 16 + Greenwich. 
© 26 — Chiſlehurſft. 
© 20 + Paris, CI. 
o 3 + Berlin. 

o 19 — Tyrnav. 

o 2 — Tyrnay. 

o 28 — Paris. Ch, 
© 16 — Paris. Cl. 
o 5 — Paris. Cl. 
© 15 + Geneve. 


Obſervationes 
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— 
I. 


A N 
5 7 7 1 Y 1 — 
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_ SB "ET. 
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Aa — . = l - 
1 . \ * — * - — - ” 8 —_ 
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— - 
—24—— - 
„„ 
N + I 
. 5 9 rei 


ho 4a — — 
— 
— —— 
* 


—_— 
SE. 


wt =» — <I> 1 * . 
— — - 


* 
ä ˙—v Does 
— 2 om 


4 oO 2 23 32 — * — — 


A 
'# 
q; 
a 
. 
i'4 
Vf 
i 
1 


5 M. D. 

11 1771. Mai. 22, 

| I 14. 
91 

7 Jul. 23. 

+ 25. 

* Aug. 1. 

| 10. 

"Eo 17. 

TH | 

1s F 
14 
"| 
1. 
* 

25. 

11. 

Nov. 3. 

13 19. 

1772. Mai. 12. 

Jun. 9, 

25. 


3 
14 32 20 
11 44 57 
"3239 45 


13 52 20 


14 22 4 
"14 5 38 
9 44 15 
10 37 38 
8 349 
8 49 47 
8 51 © 
9 14 12 
10 1 47 
8 23 55 
3 26 14 
9 11 56 
9 12 16 
7 37 43 
8 49 51 
9 35 40 
9 35 56 
6 2 33 
6 3 16 
7 13 21 


7 32 32 


5 32 27 
15 11 30 
14 57 33 
15 7 32 
15 28 20 


3 $9 37 
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\ | Obſe 10 1 ter in ſatelliti Jovis. 


Calculus, Diff, Cale. Obſervatorium. 


TI 2 


14 32 25. 


11 44 53 
11 59 50 
13 52 14 


14 21 39 


14 4 58 
9 43 51 
10 38 1 
8 3 38 
8 49 53 
8 50 12 


9 14 8 


10 2 4 
8 24 2 
8 26 1 
911 44 
912 3 
7 37 24 
8 49 35 
9 35 26 
9 35 45 
6 2 39 
6 2 58 
7 12 47 


7 32 12 


382 34 
15 12 1 
14 57 14 
15 6 32 
15 27 55 
13 18 43 


0000000000000 o 


0 0 
© 4 — Paris. CL 
© 7 + Geneve. 
© 6 — Geneve. 
© 25 — Berlin. 

o 40 — Greenwich... 
o 24 — Tyrnav. 

o 23 + Paris Cl. 

o 11 — Tyrnav. 

o 6 + Greenw. 

o 48 — Chiſlehurft, 
4 — Geneve. 

17 + Stock. 

7 + Tyrnav. 
13 — Stockholm. 
12 — Greenw. 
15 — Chiſlchurſt, 
19 — Greenw. 
16 — Stockh. 

14 — Greenw. 

IT — Chiſleh, 

6 + Greenw. 
18 — Chilleh, 
34 — Tyrnav. 
20 — Tyrnav. 
© #7 + Stockh. 

oO 31 + Pekin. 

o 19 — Greenw. 

1 O— Paris, Cl. 

o 25 — Perinaldo, 

o 34 — Paris. O. 
Obſervationes 


M. D. 


1772. Jun. 25. 


20. 


Te Re 


13 40 go T” 


14 20 1 


15 22 54 


15 32 31 
11 22 34 
11 22 34 
11 31 38 
11 31 57 
12 32 25 


13 25 10 


14 25 41 
9 38 2 
9 47 28 
11 39 6 
11 32 48 
13 33 40 
13 36 46 


13 37 11 


15 28 26 
14 23 21 
14 4 22 
9 26 55 
944 5 
10 48 44 
11 23 38 
11 23 50 
11 41 11 
7 15 19 
8 9 44 
S 12 9 
947 54 


+3 Calculus, - 


RS Ge 


13.49 8 
14 19 39 
15 23 10 
15 32 27 
11 22 33 


11 22 52 


11 31 49 
11 31 $I 
12 32 45 
13 25 4 
14 25 59 
9 38 25 
9 47 24 
11 39 20 


11 39 2 
13 33 57 


13 37 10 
13 37 12 
15 29 8 


14 22 41 


14 4 18 
9 27 20 
9 43 52 
10 48 31 


11 23 26 


11 24 21 


11 40 53 
7 14 59 
8 9 38 
9 12 29 
9 47 49 


A a 2 


3 . 
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be 2 
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499 


WHY 


©: x Shad. 4 


o 16 + Pekin. 
O0 4 — P erinaldo. 


o 1 — Greenw. 


o 18 + Chiflehurft, 


© 11 + Paris. O. 


© 6 — Paris, Cl. 
o 20 + Tyrnav. 
o 6 — Paris. O. 
o 18 + Tywnav. 
o 23 + Chiſlehurſt. 
o 4 — Paris. CL 
o 14 + Peterſb. 


0 14 Chiſlehurſt. 


O 17 + Peterſb, 

© 24 + Paris. O. 

o 1x + Paris. Cl. 

o 42 + Peterſb, 

o 40 — Pekin. 

© 4 — Green. 

o 25 + Berlin, 

0:13 — T yraav. 

o 13 — Pekin. 

© 12 — Lund, 

o 29 + Berlin, 

o 18 — Tyrnav. 

o 20 — Pekin, 

© 6 — Stockholm. 

o 22 + Pekin. 

o 5 — Lund, 
Obſervationes 
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Obſervationes comparatze primi i ſatellitis Jovis, 


* 4 * 5 , 
. 3 l 


— 


Anni. Temp. Obſervationis. 11 bin Cate, orm 


e 


M. D. 
1772: St. 20. 


27. 10 52 31 
12 2 52 


12 445. 


12 50 41 


8 13 17 
8 30 12 
13. 9 16 49 
917 13 

2 9 46 

10 10 13 

10 27 37 

77. 6 1 36 
20. 11 13 59 
| 11 14 32 
22. 6 36 57 
6 53 28 
7 58 20 
8 50 14 
9 54 21 
6 19 6 
5 59 28 
8 13 54 
6 29 46 
8 23 12 
23. 316 3 
313 31 

25. 6 36 12 

1773. Mal. 29. 


10 6 56 Em. 
11 9 47 


R 


10 7 16 
11 10 6 
10 32 47 
12 3 18 
12 4 58 


12 80 41 


7 29 6 
8 13 30 
8 30 2 
9 17 13 
9 17 32 
10 9 58 
10 10 53 
10 27 25 
6 1 26 
11 14 11 


11 14 30 


6 36 59 
6 53 3 


7 10 


8 49 55 
9 54 25 


6 18 51 
5 59 23 


8 ig 37 
6 29 41 
8 22 37 
5 14 39 
5 15 34 
6 35 36 


13 18 46 3 15 18 4 


fo. 


o 20 + Stock. 
o 19 + Pekin. 
O 16 + Greenw. 
© 26 + Upſak. 
o x3 +- Stockh. 
o Oo Chiflehurſt. 
o 13 + Paris. O. 
o 13 + Berlin. 
o 10 — Tyrnav. 

o 24 + Greenw, 
o 19 + Chiſlehurſt. 
o 18 + Lund. 
© 40 + Berlin. 

o 6 — Tyrnay. 
o 10 — Pekin. 
12 + Greenw. 

2 —. Qhifſchurft. 
2 + Berlin. 

3 + Tyrnax. 
10 — Pekin. 
19 + Tyraaw 

4 + Pekin. 
15 — Pekin. 
5 — Greenw. 
17 — Pekin. 
$5 — Pekin. 
o 35 — Pekin. 
© 24 — Lund, 
© 17 — Berlin. 
o 36 — Pekin, 
© 42 — Perinaldo. 4 
Obſervationes 


000000000 0 0 


1773. Jun. 14. 
16. 


21. 
Jul. 7. 
14. 
16. 


23. 


15. 


15 14 17 
15 16 43 
13 35 59 
15 28 55 
11 27 8 
11 19 22 


11 5$O 22 


13 44 28 
15 14 40 
15 17 30 
15 17 36 
15 32 20 
10 O 42 
0” 7-28 
10 48 41 
11 37 37 
11 44 5 
11 55 56 
12 41 23 


13 32 58 


13 26 14 
15 28 20 
9 8 24 
15 41 22 
10 10 31 
15 32 41 
15 47 40 
15 53 49 
9 51 $7 
10 22 16 


14 10 373 Im. 


be eee * beer, es 


14 10 45 
15 14 13 
15 16 58 
13 36 23 
15 28 45 
11 27 40 
11 19 42 
11 50 17 
13 44 6 
15 14 45 
15 17 13 
15 17 11 
15 32 10 
10 © 53 
10 7 13 
10 48 49 
11 37 52 


11 40 47 


11 55 44 
12 41 41 


13 * 43. 


13 27 3 


15 28 17 


9 8 18 
15 41 46 


10 10 40 
15 32 25 


15 47 22 


15 53 42 


9 5a 12 
10 22 47 


r 


Obſervationes comparatæ primi ſatellits Jovie. 


o 8 + Tyrnav. 
© 4 — Pekin. 
o 15 + Geneve, 
© 24 + Perinaldo. 4. 
o 10 — Perinaldo; 
o 32 + Peterſburg. 
© 20 + Greenw. 
© 5 — Perinaldo. 
o 22 — Perinaldo. 
o 5 + Peterſburg. 
o 17 — Paris. CI. 
o 25 — Paris. O. 
o 10 — Geneve. 
o 11 + Geneve. 
o 2 — Perinaldo. 
o 8 +. Stockholm. 
© 15 + Peterſb 

o 18 — Paris. Cl. 
© 14 — Geneve. 
0:13 + Tyrnav. 
o 15 — Peterſburg, 
0-49 + Green. d. 
© 3 — Peterſb, 

6 — Stockholm. 
24 + Pekin. 

9 + Pekin. 

16 — Paris. Ct. 
18 — Geneve. 

7 — Perinaldo, 
15 + Greenw. 
© 31 + Perinaldo. 


DD © © © 0-0 


Oblſervanones 


— . F — - 
9 * I” | Ft * 2 bs 

* Ll * 
TY 


255th 31. 
Sept. 7. 

9. 

14. 


25. 


27. 


29. 
Nov. 1. 


7 15 30 


12 89 19 


7 28 57 


12 50 34 
13 12 37 


7 19 48 
7 41 33 
8 20 52 
9 25 6 
9 6 12 
9 15 35 


9 15 49 


9 3] :1 
10 17 19 
10 18 43 


11 20 54 


5 49 54 
8 


Mr: — Wu 5 


QbGarvatiomes 1 ſatellitis Jovis. 
Calculus. Diff. Cale Obſervatorium. 


ih * " 


11 2 24 


12 19 11 
24 3 27 


14 © 36 


15 40 35 
9 27 8 


12 26 27 


9 © 30 
9 58 41 


40 49 43 


26 34 8 


10 45 13 


12 46 27 


7 15 36 


33 © 42 


7 29 12 
42 81 2 


13 12 19 


72 8 
7 41 22 
8 20 59 
9 25 33 
9 6 50 
9 16 8 
9 16 6 
9989 


10 17 21 
0 % 1. 


11 21 27 
5 50 20 


1 2 25 


# i: 0 


0 17 + Tyrnav. 
0 31 + Pekin, 


o 28 +. Geneve. 


0 21-+ Peterſburg. 
0 8 +. Stockholm. 


o 20 + Pekin. 
o 2 + Pekin. 


© 14 — Tyrnav. 
0 6 — Peterſburg. 
0 13 + Pekin. 


© 33 + Greenw. 
o 6 + Peterſb. 


0 42 + Pekin. 


© 15 + Pekin, 


0 28 T Paris. Cl. 


O 18 3 Perinaldo. 


0 17 + Paris. Cl. 


© 11 — Perinaldo, 


© 7 ＋ Tyrnav. 


o 27 + Pekin. 


o 38 + Green. 


o 33 + Paris. Cl. 


© 17 + Paris. O. 
© 30 + Perinaldo, 
'o 2 + Upſala. 


o 18 + Stockholm, 


© 33 + Pekin. 


o 26 ＋ Pekin. 
© 15 + Greenw. 


Obſervationes 


3. 
26. 


Dee. 3. 


10. 


19. 


1774. Jan. 2. 
4. 


18. 
Feb. 3. 


19. 
26. 


Aug. 4. 


11 33 24 
6 23 58 
6 12 30 
6 35 2 
6 52 57 
6 54 45 


144 4 
8 46 25 


8 47 58 
9 27 59 
6 59 15 


9 42 59 


5 12 7 
6 4 24 
=O. 
7 48 22 
6 15 33 


7 16 17 


7 18 10 


5 38 58 


6-23 29 
12 32 38 
12 32 51 
I2 34 42 
13 23 17 
15 21 15 


10 52 10 


iO 33 9 
12.46 32 


14 25 © 


de Difference- of 
Obſervationes comparatz primi ſatellitis Jovis. 


Calculus. 


W408 


11 11 49 Em. 11 11 43 


11 33 © 


6 23 58 


6 13 3 


6 35 13 


6 52 59 
6 54 39 


7 43 42 
8 46 5 
8 47 45 


9 28 15 
6 59 11 
9 42 55 
S 12 4 
6 4 10 
7-7-8 
7 48 20 
6 15 8 
7 16 21 
© 138 "2 


5 38 41 


6 23 14 
12 32 16 
12 32 35 
12 34 15 


13 23 18 


1 42 
10 51 6 
10 52 46 
12 46 44 
14 24 48 


F L 7 ; mal * 4 * 2 
- * * - 
| k — b 
= . - J. = * - 
Longitude, 8c. 183 


Diff. Calc. Obſervatorium. 
a 
o 6 — Paris. CI. 
o 24 — Perinaldo. 
0 Oo Lund. 
33 + Perinaldo. 
11 + Lund. 
2 + Upſala. 
6 — Stockh. - 
22 — Peterſburg. . 
20 — Upſala. 
13 — Stockh. 
16 +. Greenw. - 
4 — Tyrnav. 
4 — Paris, CI. 
3 — Tyrnay, 
14 — Paris; Cl. 
1 +- Stockh. 
2 — Greenw. - 
25 — Paris, CI. 
4 + Upſala. 
9g — Stockh. 
15 — Greenw. 
22 — Tyrnav. . 
16 — Upſala. 
27 — Stockh. 
1 + Peterſburg... 
© 12 — Paris. CI. 
© 4 — Upfala. 
© 23 — Stockh. . 
o 12 + Upſala. 
© 12 — Lund. 
Obſervationes + 
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Mr. WARGENTIN's Letter on F 


Obſervationes comparatze primi ſatellitis Jovis. 


Ann. Temp. Obſervationis 


M. D. 
1774. Sept. 3. 


10. 


Nov. 11. 


. 


14 42 21 


15 33 29 


15 28 31 
16 38 28 


9 $7 14 


11 9 46 


11 58 36 
8 23 43 
13 49 53 
13 59 42 
15 46 19 
IS 55 45 
16 58 31 
10 24 45 
II 25 9 
12 26 59 
12 16 5 
17 41 57 
12 20 25 
750 7 
7 52 0 
14 16 20 
8 35 © 
8 44 47 
16 1 23 
6 10 47 
17 19 3 
18 4 2 
6 15 39 
6 34 34 
12 56 42 


- 
CI 


-  Calcu'us, 


Im. 


1 


14 42 15 
15 33 17 
15 28 7 
16 38 19 
9 $7 33 
2 <9 24 
11 58 27 

8 23 43 
13 49 40 
13 58 58 
15 45 47 
15 55 8 
16 57 58 
10 24 8 
11 28 2 
11 27 1 
12 16 4 
17 41 43 


12 20 0 


7 50 6 
7 51 46 
14 15 32 
8 35 3 
8 44 21 
16 1 26 
6 10 59 
17 18 53 
12 4 39 
6 15 36 
6 35 2 
I2 57 3 


Dif. Cale. Obſervatorium. 


8 


. © 6— Tyree. 


0 12 — Peterſburg. 
o 24 — Green. 
o 9 — Tyrnav. 
o 1 — Greenw. 
o 22 — Stockh. 

o 9 — Peterſb. 
o © Peterſb. 
© 13 — Greenw, 
0 44 — Paris. Cl. 
o 32 — Greenw. 
o 40 — Paris. Cl. 
o 33 — Stockh. 

o 37 — Paris. Cl. 
© 7 — Tyrnay, 
o 2 + Stockh. d. 
oO 1— Peterſb. 
© 14 — Greenw. 
© 25 — Paris. Cl. 
oO 1— Upſala. 
© 14 — Stockh, 
o 48 — Paris. Cl. 
o 3 + Greenw. 
o 26 — Paris, Cl. 
o $3 + Greenw, 
© 12 + Stockh. 
o 10 — Lund. 

o 23 — Tyrnav. 
o 3 — Lund, 

o 28 + Stockh, 
o 21 + Paris. Cl. 


Obſervationes 


M. D. 


1774. Nov. 22. 
Dec. 6. 


24. 
29. 


”" 
1775. Jan. 23. 
Feb. 15. 


22. 


Nov. 2. 
18. 
Dec. 11. 
20. 


Vor. LXXVII. 


Ann. Temp. Obſervatidnis. 


—_— 


— 


— 


the Difference of Longiiud, &c. 


h 1 1 


8 27 22 Em. 8 28 10 


11 9 25 
12 11 9 
4 52 25 
11 3 49 
12 14 15 
12 16 11 
6 25 5 
6 48 55 
333 2 
149 37 
8 42 39 
9 © 6 
9155 
7 23 31 
8 11 7 
14 42 36 
13 5 40 
14 53 55 
13 18 25 
11 38 30 
1 
11 6 50 
11 50 3 
9 
9 27 23 
v7.30: 
8 27 48 


7 54 22 
10 6 5 


6 23 33 


Im. 


11 10 7 


1 
4 52 47 
IT 4 32 
2 
12 16 43 
6 25 17 
6 49 43 
5 33 32 
7 49 59 
8 42 44 
9 © 11 
9 2 10 
7 23 53 
9 31 21 
14 42 14 
13 5 46 
14 53 26 
13 18 29 
11 38 45 
15 30 54 
11 6 56 
11 50 36 
13 2 47 
9 27 20 
17 36 25 
8 27 35 
7-20 -3 
10 6 34 


6 23 37 
B b 
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obſervationes comparatæ primi ſatellifis Jovis. 
Calculus. Diff. Calc. Obſervatorium. 


1 * 


o 48 + Stockh. 
o 42 + Paris. Cl. — 
o 8 — Tyrnav. 
o 22 + (Stockh. 
Oo 44 + Greenw. 
o 48 + Upſala. 
o 32 + Stockh, 
o 12 + Lund. 
o 48 + Tyrnav. 
o 30 + Greenw. 
o 22 + Greenw. 
o $5 + Lund. 
o 5 + Tyrnav. 
o 15 + Stockh, 
o 2 + Tyrnav. 
o 14 + Greenw, 
o 22 — Greenw. 
o 6 + Peterſb. 
© 29 — Greenw. 
o 4 Peterſb. 
o 15 + Peterſb. 
o 13 — Peterſb. 
o 6 + Steckh. 
33 + Greenw. 
15 — Stockh. 
3 — dtock!:. 
36 — Greens. 
13 — Greene. 
17 — Stockh. 
29 + Stock. 
4 + Upſala. 
Obfervationes 


0 0 0 © 


& 0D -© 
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My. WARGENTIN's Letter, &c. 


Obſervationes comparatz primi ſatellitis Jovis. 


Ann. Temp. Obſervationis 


M. D. 
1775. Dec. 20. 


27. 


1776. Jan. 12. 
19. 

26. 

28. 

Febr. 2. 

27. 


63 


6 24 55 Em. 


3 
8 15 17 
6 26 48 


8 19 7 
10 12 15 


4 40 51 
12 6 20 


9 


| Calculns. Diff. Cale. Obſervatorium.. 


1 " 
6 25 17 
As. 6+ 
8 16 20 
6 27 22 
8 19 $1 
10 13 7 
4 41 32 
9 
6 51 33 


F 


o 22 + Stockh. 


1 3 + Greenw. 
1 3 + Stockh. 
O 34 + Stockh, 
© 44 + Stockh, 
o 52 + Stockh. 
o 41 + Stockh, 
o 47 + Stockh, 


0 28 + Stockh, 


- * a | 
— * 


. 167 1 


4 ?. * 
* 
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XIV. 4 Method of finding the Value of an infinite Series of | 
_ decreaſing Quantities of a certain Form, when it con- 
verges zoo lowly to be ſummed in the common Way by 

the mere Computation and Addition or Subtraction of 


Jome of its initial Terms. By Francis Maſeres, E/quire, 
F. R. S. Curſitor Baron of the Exchequer. 


Read Feb. 13, 


RTICLE Iſt. Let a, b, c, d, e, / g, B, &c. 
1777. 


ad infinitum, repreſent a decreaſing pro- 
greſſion of numbers, ſo that 5 ſhall be leſs than a, and 
c than , and d than c, and fo on of the following num- 
bers, ad infinitum. 

And ⁊2dly, let theſe numbers be ſo related; to each 
other, that they not only ſhall form a decreafing progreſ- 
ſion themſelves, but that their differences, a-, b—c, 
-d, d- e, e =, g-, &c. ſhall alſo form a decreaſing 
progreſſion, ſo that - ſhall be leſs than -, and = 


than -c, and d-e than c-, and fo on of the follow ing 
differences; and likewiſe, that the differences of theſe 
differences (which may be called e /econd differences of 
the original numbers q, &, c, d, e, / g, b, &c. ſhall form 
a decreaſing progreſſion; and that the differences of thoſe 
lecond differences, or Ye third differences of the original 
B b 2 numbers 


/ 

* 
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| 
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* 188 My. MASERES'S Method of 
numbers a, ö, c, d, e, % g, b, &c. ſhall alſo form a de- 
creaſing progreſſion; and in like manner, that the dif- 
ferences of the ſaid third differences, or he. faurth dif- 
ferences, of the original numbers a,.4, c, d. e, . g, B, &c. 
and the fifth and ſixth differences, and all higher differ- 
ences, of the ſame numbers, ſhall alſo form decreaſing 
progreſſions. | | 


And 3dly, let x be a quantity of any magnitude not 
greater than unity. 


on theſe ſuppoſitions the value of the infinite ſeries 
a-bxX+Cxx=dx*+ext*—f x5 + g- B &c. (in which the 
ſecond, fourth, ſixth, and eighth, and every following 
even term, is marked with the ſign —, or is to be ſub- 
tracted from that which immediately precedes it) may be 
determined in the following manner. 

Art. 2. Compute the firſt, ſecond, third, fourth, 
and other ſubſequent differences of the co- efficients of 
the powers of x in this ſeries, that is, of the numbers 
5, c, d, e, ft, g, H &c. as far as ſhall be convenient. Theſe 
differences will be as follows. 


Firſt differences, b—c, -a, d—t4, e—f, f—g, g—b, *. 
Second differences, 


. =, . Eg, g, &e> 
or, b—2c-+& — 2d e, G2 1% e—2f+g, f—2g +h, &c. 
Tbird differences, 


b2c+d—(c—24d+(, - 2d - a2, 92 7e, 
e—2f+g=[—2g+d\, &c 


or, 


finding the. Kalue of an infinite Series, 8c. 189; 
*, begs, c=3d+34>f, 43. 3/—2, e—3f+32—b, he. 
Fourth differences, b—3c+ 34d—e—\c—3d+ 3&f), 
34 3e—f—b—3: A, 
d—3:+3f—ge-[.—3/+34—d, &c:. 
or, b—4c+6d—4e+f, c—44+6e—4f+g, d—4++6f—4g+b, ic. 
Fifth differences, b—4c+64—4:+f—[—47F6—4F+d, 
c—44+66—4f+2—[1—47+6/—4z +0, &. 
ar, b—gc+10d—194+ 5f—g, —$d+106—10f+5g—,. &. 
Sixth differences, | 


h—5c+10d—10:e+5f—g—(—54+ 10—10f+52—), &c.. 
Or, b—bc+154—20e+ 15j—bg +6, Cc... 


Let the firſt. difference of the firſt order, to wit, 

5 -e, be called Di; 

and the firſt: difference of the ſecond. order, to wit, 

B- 2c, be called Di; 
and the firſt difference of the third order, to wit, 
b—3c+3d-e, be called o; 
and the firſt. difference of the fourth order, to wit, 
b—4c+6d—-4e+f, be called p] 
and the firſt difference of the fifth order, to wit, . 
b-.5c+10d=102+5f=g, be called p“; 
and the firſt difference of the ſixth order, to wit, 
b—-6c+15d-20e+15f-62+4, be called pvr; 

and in like manner let the firſt differences of the ſeventh, 
eighth, ninth, and tenth, and every following order of 
differences be denoted by DI, Din, px, px, &c. that is,, 
by the capital letter p, with a Roman numeral figure 


annexed: 
TI? 
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annexed to it, expre fin; 5 the order of differences to 

which it belongs. | 
Theſe things beingCuppoſed, the aforeſaid infinite ſe- 

ries a—bx+cxx-dw*+ex*-fa*+gx* —bx"+ c. will be 

equal to the following differential ſeries, to wit, 


b x Dixx Dit x? D111 + DIY x5 Dy x Dvi x7 


1 IF 1+ I+4* 1404 140 141 = 
in which ſeries all the terms after the firſt term à are 
marked with the ſign or are to be ſubtracted from 
that term. 

Art. 3. If we inſert the differences themſeives inſtead 
of Di, pu, pm, p, DY, &c. in the foregoing differential 
ſeries (which it may perhaps ſometimes be convenient 


to do) that ſeries will be as follows: a— | Sens 


A — —— 


—66—2 C+dx =o 30 34e X == 


—[b—4c+6d-4e+fx = 


—|b—s5 6＋ 10 05 oe. SEH 


x” * . 
—_— &c. ad infini- 


—[b—6 15 d- 201 157 69 25 


ZUM. 


Of the convergency of the foregoing differential ſeries. 


Art. 4. The foregoing differential ſeries will always 
converge with a confiderable degree of ſwiftneſs, ſo 


that 


— 
29 
| * 


chat ſix or eight of its terms will give the value of 
the whole (and conſequently that of the original ſcries 
a-bx+cxx>dx*+ex*—fx*+px*-bx"+ Kc. to which it 
is equal) exact to ſeveral places of figures, even in the 
moſt difficult cafes: for if x is = 1 (which is its greateſt 
poſlible magnitude) x +x will be=1+1 or 2, and conſe- 


quently TP, 1+}, IT, 1+x}Þ, and the following 
powers of 1+x, will be equal to 4, 8, 16, 32, and the 


following powers of 2; and the powers of the fraction 
— will be equal to the powers 2 Therefore the ſeries 


p bx D' xx. Dix? pr“! px? pvx g& inn 
Lr $48 340 1+ C. WI 


3 DT pn D111 Div DY Pr 


in this caſe be = to 4 2 — 7 I + «how 7 54 12 Kc. 


the terms of which decreaſe in a greater proportion than 
that of 1 to 2, becauſe the numerators 6: & Þ*, D**, . 
bw, DY, bi &c. form a decreaſing progreſſion, and the 
denominators increaſe in the proportion of 2 to r. 


Of the inveſtigation of the foregoing differential ſeries. 


Art. 5. The foregoing differential ſeries was inveſti. 
gated by firſt, ſuppoſing the original ſeries a- 
-dx*+ex*-fx*+8x*—bx"'+ Kc. to be equal to another 


ſeries whoſe terms ſhould involve the ſame powers of x |. 


as the former, but in which every power of x ſhould be 
multiplied 


_ finding the Vale of an infinite Series, cc. 19 1 
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multiplied into the fame power of the fraftion ; 2 5 in 


order to accelerate their convergency, and then — g 
what would be the co-efficients of the terms of ſuch a 
ſeries, if ſuch a ſeries is poſſible, and what would be the 
ſigns to be prefixed to them, or in what manner they 
-would be connected with the firſt term, whether by ad- 
dition or ſubtraction. In order to this inquiry, I denoted 
the unknown co-efficients of the aſſumed ſeries by the 
capital letters p, Q, R, s, r, v, &c. and wrote down the 
terms of it near each other, without prefixing to them 
either of the ſigns + and —, but ſeparated them from 
each other only by a comma; ſo that the fundamental 
equation, from which I derived the differential ſeries 
above-mentioned, was as follows: a—bx+cxx-dx*+ex* 


x R rx $ x* T x* 
—fx*+g x* -B . IS = P, 2 _ 2_ ILY 


= c. By err deductions from this equation 


it appeared that y would be equal to a; and that all 
the Pag __ of * aſſumed ſeries, to wit, 


Qx, A 


+ 3 = ==: » &c. muft be ſubtracted 
from the firſt term v, or a; and that Q would be equal to 


b—c, or Di; and x=b—c—[c—9, or b—-2c+d, or pn; and 


S=b=2c+d—|[e—2d+e, or B- 3c 3d-e, or Dm; and 


12 


| Andindurba Male of: an: infinite; Series. kat rg ; 
ra NAG Ae, or vn; and v =b—5c+104- 100 
+ 5g, or ol; and fo on of the following co-efficients, 
to wit, that every new: co-efficient: of the aſſumed ſeries 
is equal to the firſt difference of the next order of the 
differences derived from the original | co-efficients 
b, c, d, e, f, g, b, &c. And from hence I concluded that 
the ſeries a—bx + cax-da*+ex*- fa*+gx*— hx" Kc. 
was equal to the ſeries, 


bx Dixx. DI N 11,* Pr D* x* Pyr / 


E 
Art. 6. The thought of ſuppoſing the original ſeries 
a-bx+cxx-dx*+ex*—fx*+ 8c. to be equal to the ſeries 


Ax RxXx $ x T x* v x 


P, Te op? on? a &c. containing the 
powers of x multiplied into the ſame powers of the 


fraction 1 in order to accelerate their convergency, 
occurred to me in conſequence of reading the late Mr. 
THOMAS SIMPSON's Mathematical Diſſertations, p. 62, 
63. concerning the ſummation of ſerieſes, in which he 
makes a ſuppoſition of a ſimilar kind. Yet there ſeems 
to be a conſiderable difference between his propoſition 
and that which is the ſubject of theſe pages; for he ſeems 
to ſuppoſe his quantities p, , 7, J, ., &c. (which anſwer 
to a, b, c, 4, e, &c. in the notation made ule of in the 
above ſerieſes) to form an increaſing progreſſion of 
terms, and accordingly ſubtracts p from , and 7 from , 
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Aud y Fron 5 and 7 from r, atm ſo on; and he feems'alfh 
tb ſuppoöle the diffefenees 4 b, rd, r, 1, Bec. te 
forin 4n increaftng progreffion, and every Tubſequent 
order of "differences t6 form likewiſe an increafitug pro- 
greſſion, and nechrdingly ſubtracts . from 72 and 
r—q from 5-7, And r from e, and ſo on; whetfas in 
the foregoing feries a=bx+cnnr—dx*+en*—fxi+gx*—bx" 
+ &c. the numbers a, 6, c, d, e, f, g, b, 8c. are ſuppoſed 
to form a decreaſing progreſſion of terms, as they are 
moſt commonly found to do in the ſerieſes that occur in 
the ſolution of mathem atical or philoſophical problems. 


Examples of the uſefulneſs of the foregoing differential ſe- 
ries in finding the values of infinite ſerieſes whoſe terms 
decreaſe very lowly. 


Computations of ihe lengihs of circular arcs by means of 
infinite ſerieſes derived from their tangents. 

Art. 7. It is well known, that if * be put for the 
radius of a circle, and ? for the tangent of any arch in it 
that is not greater than 45, the magnitude of the arch 
whoſe tangent is 7 will be expreffed by the infinite-feries 

8 ˖5 * 10 gut 453 t N "EY This 8 


. 
ries converges. with great ſwiftneſs when the tangent is 


"47 IMB) OF 0 '! a8” IG, 


L muck 


. he Fake af an au- Seri e. 195. 
much leſs than the radius; but when the tengent is 

nearly equal to the radius, it converges exceeding ſlowly; 
and when it is quite equal to the radius, or the arch is 
equal to 45*, the decreaſe of the terms is ſo flow as to 
make the computation of it in the common way, by com- 
puting the value of its initial terms, abſolutely impracti- 
cable. For Sir ISAAC NEWTON has obſerved concerning 
this ſeries in that extreme caſe (which then becomes 


. 
— F 
equal to v 77 renn Kc.) and another 


ſeries that is almoſt as ſlow as this, that to exhibit its 
value exact to twenty decimal places of figures, there 
would be occaſion for no leſs than five thouſand mil- 
lions of its terms, to compute which would take up 
above a thouſand years. See Sir 1SAac NEWTON's ſecond 
letter to Mr. OLDENBURGH, dated October 24, 1676, 
in the Commercium Epiſiolicum, p. 159. In theſe 
caſes therefore it will be convenient to make uſe of 
ſome artifice to diſcover the value of the ſeries 
e t 4 e a: " "iy g* 


C TT 


ſhall find the application of the differential ſeries above- 
mentioned to be a very proper artifice for this purpoſe. 


Art. 8. In order 10 make this application, we muſt con- 

2 t t? * "bhp "ih 3 
ſider the ſeries /— —4 FORT ACT IT ge- i * Kc. 
as being the 1 of the multiplication of / into the 


G2 ſeries 


e 
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Higd Ci ( PP, „ 7 2 $7 44 
fories of IR. 57 | as; eh 1375 8 ec. an 


F #4 pie 


muſt ſubſtitute x inſtead of = —1n the terms of this laft . 
ries, by which means it will be converted into the ſeries. 


uE. Eee | 8 
1 3 "We" * 1 &c. This ſeries is of 


the ſame form with the original ſeries above-mentioned, 
NOTED NO e D 8c. the numeral 
co-efficients I, +, +, +, % T 5» Ty Nc. of the powers of x 
in the former ſeries anſwering to the literal or general 
co-efficients a, 6, c, d, e, / g, b, &c. of the ſame powers in 
the latter ſeries. And theſe numeral co-efficients evidently 
form a decreaſing progreſſion, as the co-efficients a, b, c, 
d, e, f, g, B, &c. are ſuppoſed to do; and we ſhall find, 
upon examination, that the differences of theſe numeral. 
co- efficients, of the ſeveral ſucceſſive orders, alſo conſti- 
tute decreaſing progreſſions, as the ſeveral ſucceſſive or- 
ders of differences of the co-efficients a, 6, c, d, e, /, g, Þ 

&c. are ſuppoſed to _ Conſequently the ſeries 


x xx x x* x x 
$= 59 ·f 115 &c. will be equal to the dif- 
ferential ſeries 


bx D'xx pris pi pivgs Dy x* DV1 x7 


e 
we ſuppoſe the letters a, 5, c, d, e, f, g, b, &c. to be 
equal to the numbers 1, 35 I» 73 5 779 F 3739 &C. and 
Di, Du, pu, p, p, pi, &c. to be the firſt differences of 

4 the 
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the ſeveral orders of differences of thoſe numbers, be- 
ginning from the ſecond term 3. Now the values of 
theſe numbers, 1, 5, 5 % 5 555 753 533 &c. and of their 
differences of the ſeveral ſucceſſive orders, beginning 


from the ſecond term 3, will, when. expreſſed in decimal 
fractions, be as follows: 


I is = I. ooo, ooo, ooo, ooo; 

3337333733373333 
2000 O0, ooo, ooo; 

142,8 57, 142, 857; 

111, 111, 111,111; 

090, 909,090, 909; 
076, 923,076, 923 
66, 666, 666,666. 

The differences of theſe numbers, beginning from the 

ſecond term, . 333, 333,3 3 3,3 3, are as follows: 


— = Ol win Uj» Wir 


— 
* 


Firſt differences. | Second differences. 

I 33,333»333»3333 076 6 | 

E 7 100 47 190; 
057, 142,857,143; 02 e e 
0 31,746, 031,746; 011, 544,011,544 
020, 202,020, 202 06, 216,006, 216; 
13,986, 13,986 003, 29,603, 7 293 
10, 256,410, 257 Kc. 
&c. 


Third 


Fe : — — . * 
1 © 245 
- _ — — 
1 =_ Y 1 2 * = = 
= inn 


—— 
— = — 


2 „ — ww 
5 — — — 


— * 
W 


„ — __ ww dS | 1 * 
—— 2 * * a , — 
2 22 agar 6 + 
* * Om —— — 8 — 1 


by 
| 


0-4 


. SIREN e, 
Third differences. n _ | 
050, 793,650, 793 | | 
. | „0 6 
95 843.5. eee 
-005,328,005,328; oben teens: 
.002,486,402,487; 
- | c. 

Fifth differences. EASY 883 | 
.028,416,028,415; . 
.005,08 3,205,084; +022,732,022,7 313 
&c. 1 
Therefore pi is = 133,3 33,333,333 


Therefore the K 1 _ 4233 


1998 


8 


Du 


pn S . 076, 190, 476, 190 
= . 050, 793,650,933 


D . o36, 940, 836, 940; 


3s 
an 


equal to the feries 


= 028, 416,028,415 
= ee, e 


FF # 3 


7 9 11 5 


* 333,333, 333,333, rr 11 


— 1 3333331333333 3» * 1 


076, 190, 476, 190, x 17 


— 050,793,650, 793, * — 


Inter. is 


= .030, 


— — an e Sericr . e. * 
= 6 36,940,836,940, * Ta, 


— ,028,41 6,028,41 57 K 5 


— 022, 33,822,315 X — 


= &c.; and conſequently the product of this latter ſeries: 
into. the tangent ? will be equal to the product of the 


* ; - 7 ; 
— — — —ů a —„—-¼— * — — — — a 
former {ſeries 1 "3 5 7 - | into 


TIT „ ne FE mY 2 
| R * 
gent , or to the — ſeries 
r an”... 
—_— 9 * „ 
preſſes the magnitude of the arch of which. 7 is the 


tangent. 


Kc. into the tan 


Computation of an areb of zo degrees. 


Art. 9. Now let ? be the rs of 30?, which is 

2 * 7 Then will ZZ a and — — or X, = = — x0 * 
' | — * 3 42 4 — 

Therefore .1 +x. will be 21 : +, > and 74s Vl be: 


© 
1 
. * 


[| 


Bl wie [w] 


1...” Therefore _**_ will be == nd. 2 
i Therefore = 3 4 = 
x+ 1 


1 1 
— 5 — 6 — . . 
== 5-63 and x* = — and & = = „and x7 


[{ 
+ [v2 
[| 


1 


Conſequently the differential ſeries will in this 
cale: 


1 
16384 


* I 9 * 9 2 * "Ro * * * 2 * # 4 


WW: . oa 
caſe be Equal 10 als Swag, 70 0 vo, 92 12 


WA — 33853335583533375 


1 3373337333,333, x I 
— 076, 190, 47 ö, f 90, 


* 


= 00,7 93,650, 793, x | 
T .036,940,830,940, x x — 
_ .028,416,028,41 57 * — 


— — 0 22, 732,822,731, * 16380 
— &c. = 1 . 083, 333,333,333, 
. e003, 333,333,333, 
— 00 1, 190, 476, 190, 


— ,000,198,41 2, 698, 
— ,000,036,07 5,030, 


ooo, oo6, 937, 506, 


ooo, o0 1, 387, 501, 
Kc. 
= 1 . 093,099, 955,597, = o. 906, 900, o44, 403. 
l » eg ff ff © 
— = p=—_= p———=+=-—=+ 
Therefore the ſeries 1 en &c. or 
. 2 "a 

Tt on Tg gen is in this caſe 


= o. 906, 900, o44, 403, Or (neglecting the latter figures 


after the ſixth place of figures, becauſe we are ſure they 
are 


* 4 oo a . 
=. * * 


4 e * — iuite res, Ke: 20 
1. ee 906, 900. Therefore the produæt of the 


N e 4 * 
2 5 en 7 © &c. N 


tangent ths Gut to 0.906,900, x 12 o. 906,900: K* —- 7; 


4 1 
= 0.906,900, „„ x - = 0.906,000 * 
9 »9 wa  1.732,050,8 9 59 


x 577,30, 2 2 = 0.523,598,8 x 7; that is, the ſeries 


„ + 5-8 
1 gf Tn gr — nap" © rt 15 + &Cc. (which ex- 


preſſes the magnitude of the arch of which ? is the tan- 
gent) is in this caſe = 0.523,598,8 x 7, or an arch of 30? 
is equal to o. 5 23, 598, 8 x 7. 

Art. 10. This value of an arch of 30“ is exact in the 
fix firſt places of figures, and errs only an unit in the ſe- 
venth figure, which fhould be a 7 inftead of an 8, the 
more exact value of that arch being o. 5 23, 598, 775, 598, 
&c. And thus by the help of only eight terms of the 
differential ſeries 


bs DIixy Dix pi privy lM e + Gr. we 
1＋4* 1+ a 1 +a? I +xl* op 6 ol I= re" l 4 


have obtained the value of the 0 
5 5 t7 FF * 


— + &c. in the caſe of « 


arr g Tn gr. R 
an arch of 30 degrees, exact to ſix places of figures. 
This degree of exactneſs is the ſame with that which we 


ſhould attain by computing twelve terms of the ſeries 


43 ˖5 27 55 * Ne #5 F 5 
37 1 nee e Re. itſelf, as will 


appear from the following calculation. 
V oL. LXVII. D d Art. 


© 


4 4 
' * 5 


N Ws * JF. INT SIT wo! *g NY TIT . 
202 a 7. MASERY 1 * * 
LA.: . JW. — | 
8 44e b ſeries — += 5 WT 715 
Nat » OY TTL and 3 
. TT 797 TT + Kc. 2 N = the ſeries 
| no Op „ „ oe RESPIR 
Ir gn 7 g nr” ige gr i? * 
* 
z 8c. =, in the caſe of an arch of 30?, to 17 = into 
he 1 bind ad BN” 1 
tne eries I — 3543 5x9 7X27 9x81 111243 13 * 729 
| 1 I 1 I 3 
17 175557 79 x 19683 © 21 x 59049 23* 177,147 + Bec. 
=7 x — x the ſeries f. ooo, ooo, ooo, oo, 523 * 
A 111,111, 11117. 111, Dee 
+ 1223482572012, 00411 2 337» 
9 © 
+ CON, 371,742,112, EW .000,4 5724 7,370, 
13 | 15 
+ 8182248222 __ .000,050, 805,263, 
17 014007 
+ .©00,016, — — — :000,005,045,029, 
24 23 
+ Kc. 
run IF x the ſeries 
1. ooo, ooo, ooo, ooo, -. III, III, 111,111, 
+ 022, 222,222,222. — 005291, 005,291, 
+ . 001,371, 742, I 12, . 00, 374, 111, 48 5, 
*. ooo, 103, 5 18,624. . 000, 030, 483, 158, 
*. ooo, oo8, 965, 634, — . ooo, o0 2, 673,961, 
*. ooo, ooo, 806, 432, -. 000, ooo, 245,436, 
+ &c. I: 


fnding the Value. of an infinite pics & be. 20.3 


= 7555 [1 02317 09525 510245 > +11 6,909,630, 444, 
1 Ke. | g 


29 vhs 906, 8 87 


2 


o 
” —© my 4 . 
+4 


= x © 1. 906, 898,6 4,8635 | 
r* .577,350,2 x ,906,899,624,58 2, = (if we neglect 
the ſix latter figures of 906, 899, 624, 582, which we 
know to be not exact) 1 x 577, 350, 2 x 906,899, 
=7 x .523,598,319,029,8; of which the firſt ſix fi- 
gures .523,598, are exact. 


Computation of an arch of 4.5 degrees. 
Art. 12. Now let the tangent ? be equal to the radius 
„ or the arch (whoſe magnitude is expreſſed by the 


. fd. IE. F* 
{ſeries f— Ire” 57 Tet gf inn gr r 


arch of 4 55 This ſeries will, in this caſe, become equal 


5 
2 renee Z 
to r : : mt 7 rh 5 &c. of which the firſt 


eight terms will give the value of the whole exact to 
only one figure, as will appear by the following com- 
putation. Theſe terms are equal to x the eight terms 


122. = -——, that is, to 7 x the eight terms 


e 3 15 
I. ooo, ooo, ooo, 000, — 3337333753337333 
+ . 200, ooo, ooo, ooo, -. 142, 857, 142, 8 57, 
+ . III, 111, 111, III, . 090, 909, oo, goq, 
+ . 076, 923,076,923, . 066,666, 666, 666, 
D d 2 


KK © 


- — 
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=rx(1. „ 
= % 754,267, 943, 269; which agrees with the value 


of the whole ſeries r— r 150. &c. only in the 


higheſt figure 7, the more exact value of that ſeries 


being. 783, 398, 163,397, &c. But, if we compute eight 
terms of the differential ſeries which iS equal to the 


ſeries TIC REA TS Md Nc. „ We ſhall thereby obtain 


its value exact to three places of figures 3 Which 1s as 
great a degree of exactneſs as would be attained by 
computing about five hundred terms of the feries 


F777 


— 4 2 
. Kc. itſelf. The computation. 


of the eight firſt terms. of the ſaid differential ſeries is as 
follows. 


Art. 13. Since ? is in this caſe r, It will be rr, 
and conſequently —, or-x, will be 1. Therefore x x, x*,. 
x*, x5, and all the other powers of x, will in this caſe be 
equal to 1, and 1+x will be equal to 171, or 2, and the 
powers of 1+x to the powers of 2. Therefore the frac- 
tion — and its powers will be equal in this caſe to the 


fraction and its powers. Therefore the general differ- 
ential ſeries in art. 8. to wit, 


5 8 


— 133,3 33,333,333; * = 


1 333,333, 3337333, * 2 


028 416, 028 „41 55 x 


iu & + 
—333333,333533375 1 


076, 1 90,47 6,1 90, x = | 


o, 93, 650,93, * FIT 


. 36, 940, 8 36, 940, x == 


2 


022, 732, 822, 731, * r 


- Scr. will become in this cafe equal to 


1 


— . 133,3 33753337333; * 7. 
| I 
— . 076, 190, 476, 1 90, x 7F. 


— 


Ker. 2 1 166,666, 666,666, 
= -033)333»333»335» 
835 oo, 5 23, 809, 5 2 3»: 


Do 
. 0 50, 793,650, 793, * 75 
x 

.036,940,836,940, x 
0 28, 41 6,0 28,41 5, * =: 5 


FRAY, 1 
022,732, 822,731, * 128 


— . e N an nu, Serie Kc. 
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7 r 
2 „901, 154,401, 154, 
— 00,4400, 443, 
— 000, 177,600, 177, 
— &c. 
474,47 4414-470, =-7851525:5851530. 


„„ „ 2 * 
efore the ferien 1 272 2 884. 
Ther a 1 99m 15 Th 


Kc. is equal to 
785,5 2575 85,530; and conſequently the ſeries ; 


5 t 7 2 get | 453 2 


7 5 77 9 * ne 157 


x. 783, 525,585,830, *. 783, 828,585, 30; that 
is, the length of an arch of 457, in a circle whole ra- 
dius is 7, is = 7 x 785,8 25,58 5,530; which number i is 
true to three places of figures, the more exact value of 
that arch being r * .785,398,163,397, &c. 
Art. 14. It has been aſſerted in art. 12. that in 


order to obtain the value of the ſeries 


. Of g's 
ft —=— 7 . &c. exact to 3 


zrr 7 5 Tr. 7 5 117 6 
places of decimal figures by the mere computation of its 
terms, in the caſe of an arch of 455, we muſt compute 
at leaſt 50 0 of its terms. This may be proved in the 
following manner. The indexes of the powers of 7 in 
that ſeries are the odd numbers 1, 3, 5, 7, 9, 11,13, 15, 


&c. 


rr. &C. i is in this caſe 


T 
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8c. in their natural order; to which if we add an unit, 
the numbers thereby produced will be the even numbers 
2, 4, 6, 8, 10, 12, 14, 16, &c. in their natural order, 
which are the doubles of the natural numbers, 1, 2, 3, 
4, 5, 6, 7, &c. Therefore the number of terms of that 
ſeries from the beginning of it to any given term in it, 
including the ſaid term, is always half the number that 
IS produced by adding an unit to the : of 7 in the 


ſaid term. Thus, if we take the term — mg and add 1 to 


11, which is the index of the power of 7 in it, the ſum 
will be 12, the half of which is 6, which is the number 
of terms in the ſeries from the beginning of it to the 


11 


term n, including the ſaid term, that term being the 


IT17 


ſixth term in the ſeries. If therefore we take the term 


g 999 


999 r 
ries, or the number of terms from. the beginning of the 


{eries to that term incluſively, we muſt add 1 to the in- 


„and are deſirous of knowing its place in the ſe- 


dex of the power of 7 in its numerator, which will in- 


creaſe it to 1000; and half this ſum, to wit, 500, will 
be the number of terms from the beginning of the ſeries 


999 a 
to the term err incluſively; or, in other words, this. 
term will be the 500th term of the ſeries. To arrive 
therefore at thoſe terms of the ſeries in whicu the in- 


dex ES 
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dexes of the powers of 7 are greater than 999, or 1000, 
or in which the numeral co-efficienis of the terms 
(which, by the law of this ſeries, are equal to t divided 
by theſe indexes) are leſs than or res it is neceſſary 
to compute 500 of its terms. Now when Z is = 7, and 
conſequently the literal parts of the terms of this ſeries 
do not converge at all, it is evidently neceflary to carry 
the computation as far as thoſe terms in which the nu- 
meral co-efficients of the terms are leſs than 3 or rss, 
in order to get the value of the ſeries exact to the 537th 

r :;th part of the radius 7, or to the place of thou- 
þ or the third place of decimal figures. There- 
fore, when 7 is = 7, or the arch is = 45?, it is neceſſary to 


compute at leaſt 500 terms of the feries 
55 E £6 SF «9 
5 117 4 * * 


der to obtain the value of it exact to three places of de- 
cimal figures, that is, to the ſame degree of exactneſs to 
which we attained in art. 1 3. by computing only eight 
terms of the above-mentioned differential ſeries. 2.E.D. 

Art. 15. But the beſt way of applying the aforeſaid 
differential ſeries to the inveſtigation of the value of one 
of theſe very flow ſerieſes, is to compute a moderate 
number of the firſt terms of the flow ſeries in the com- 


mon way, and then apply the differenttal ſeries to the 
3 computation 


+ &C., in or- 


- wo 


computation of its remaining terms. The advantage 
of this method of proceeding will be manifeſt, if we 


4 apply it to the foregoing Re of the ſeries 
y 3 TY 
4 t 58 Jg g fer r 453 +8: in the caſe of 
1 an arch of 430. 
, Compute therefore the firſt twelve terms of this ſeries 
2 in the common way. Theſe terms will be as follows: 
? = 7 =7 l. ooo, ooo, ooo, ooo; 

, * 
1 r *. 3335333333333 
; 25 5 Sr. 200, O0, ooo, ooo; 
ä =* =r x 142, B575142,8573 

S =* 117,117,117, 177; 

—_— — — ogo, gog, ogo, 9og; | 


=, =r x .076,923,076,9233 


5 . 066, 666, 666, 666; 


— GErX 0 58, 8 23,529,411; 


gn =7 x · 52, 631,578,947 


*. 047,61 9,047,619 


ARE = 3 N 043,478, 260, 869. 
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K —— 4 
5 £4 C e 4 7 * 
_ 
* 


N „ ©; * 


Pieces the twelve terms t- Ir Kalb fn 
was Cod » ©. 
rn gent 5-55 dk ani 


rx T. ooo, ooo, ooo, ooo, - Tx. 333,3 33;3 33333, 
| +7 x .200,000,000,000,-7x.142,857,142,857, 
Try. 111, 111,111,111, 7 ogo, gog, ogo, gog, 
076, 923,076, 923, — r*. 066, 666, 666, 666, 
+r7x . 058, 823, 529, 41 1, rx. og 2, 63 1, 578, 947, 
r* . 047,619, o47, 619, ru. o43, 478, 260, 869, 
=7 x 1. 494,476,765, 64, —7 *. 729, 876, 73, 581, 
=P .764,600,691,48 3. 


+7 X 


— — — 


Having thus found the value of the firſt twelve terms 


-» 11 
of the ſeries 71-7, —= + &c. to be 


r x . 764, 600, 691, 483, we muſt apply the differential 
ſeries to the diſcovery of the value of the remaining 
part of this ſeries, which is the ſeries 


6 ee | 
267 27 r** Paget e Ig” Tl 5 & c. ad in- 


 fnitum. Now this feries i is equal to the product of © = inte 


the ſeries —— * — — . ＋&c. or 
25 2Jrr 297 ** 337 35 377 397 C. O 


(putting x, as before, = =} to the product of 2 into the 
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CITE . &e. which i is of 


the ſame form with the ſeries a v + xx —dx* + e 
fx*+g x*— bx? + 8c. Therefore, if we put a=, b= 


= 772 d m e Fe £= 5» bn and fo on, * 

compute the differential ſeries 
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thence reſulting, the number thereby obtained will be 


s xx x „ x „ XF 
— — =_ — ͤ : — —' — —— + — — = 
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computation is as follows: 


Here à 1s = 


= ,040,000,000,000; 
037,037, 037,037 
0 34,48 2,758, 620 
032, 258, 064,516; 
030,303,030, 303 
S. 028, 571, 428,571; 
0 27,0 27,027,027; 
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= 2. 02,641, 0 25,641. 
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ſecond number 2, 2 or $037,037,037,037,) a are as. bol. 


lows 


Firft-differences. 


00 2, 224,694, 104; 


001, 955,34, 213; 
001,731, 601, 731; 


. 00 1, 386, 001, 386. 
000, 59,924,420; 
ooo, 46, 227, 409 
.000,036,232,2943 
ooo, 28, 800, 028. 


ooo, o0 3,701, 894; 
ooo, oo 2,502,850. 
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00 1, 844,401, 644 
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Second differences. 
.000,329, 584,31 13 
oo, 269, 6 59,891; - 


oo, 223,432, 481; 
000, 187, 200, 187; 


000,1 58, 0058. | 


Fourth . 


o, og, 995,115 


90, 002,43 2,205. 
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Therefore D* is . 0 2,5 54,278, 416; 
D' S . ooo, 329, 584, 311; 
pn! S. ooo, 59, 924, 420; 
DW S . 000, o1 3, 697, 010; 
DD Ss . ooo, o03, 701, 894; 
DVI = . ooo, o01, 139,044. 
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But, ſince Zis in this caſe = 7, 0 en be =I, and 
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conſequently 5 will be = 171 or z. Therefore the 
foregoing differential ſeries is in this caſe equal to 
.040,000,000,000, 


— .037,0.37,037,0.37 x 
_ .002,5054,278,416, x 
— ,000,329,584,31 1, x 
= -000,059,9243420, x 


000, 13,697, 10, 
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. ooo, oo 1, 1 130,44 X 728 

— &c. = .040,000,000,000, - .o18, 518, 518,518, 
00, 638, 569, Goa, 

— . 000, 41, 198, o38, 

ooo, oo 3, 745, 76, 
„ ooo, ooo, 428, og3 I, 
— ,000,000,057,842, 
doo, ooo, oo8, 898, 
— &cc. 
*. 40, ooo, ooo, ooo, — 01 9,202, 526, 207, — &c. 

— MITE 3793 — cc. 


x xx on AY IT a8 » 
eu 2 5 25 37 33 35 55 3 c. or 
1 tt * e * 9 | g+ 


—— uLU — — — — — — — 


25 27rr 29 31 337 35 ＋ ien 397 
caſe . 20,797, 473,793. Therefore the ſeries 
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+ Kc. is in this 


this caſe equal to > x .020,797,47 3,7 93, that is, to 


* | ; 
© Xx -020,797,47 35793, or * -020,79747 337935 that 


is, the remainder of the infinite ſeries 


" fe 7 Fd * 


terms, is = 7 *. 20,7 Fogel 35793. But we before found 
7 thoſe 


finding the Pale of an infinite Series, cc. arg 
_ thoſe firſt twelve terms to WI 764, 600, 691, 48 3. 
Therefore the whole ſeries 2 u- *,- © 


gcc. ad infinitum is in this caſe a *. 764, 600, 69 1748 35 


17 * . o20, 797, 473,793, r* . 785, 398, 165, 276, 
which is true to eight places of figures, the more exact 


value of that ſeries being *. 78 6, 398, 163, 397, &c.; 


ſo that the value here found for this ſeries, by the help 


of only eight terms of the differential ſeries, differs from 
its true value by leſs than an unit in the eighth place of 
decimal figures, that is, by leſs than an hundred-mil- 
Jonth part of the radius 7, which is a degree of exact- 


neſs that could not have been attained by the mere com- 


a 0 r ES * 
putation of the ſeries R ont ogy rt Mc. it- 


ſelf without computing fifty millions of its terms. There 


cannot be a ſtronger inſtance of the utility of that dif- 


ferential ſeries. 


Computation of the ſeries which expreſſes the time of .the 
© deſcent of a pendulum through the arch of a circle. 


Art. 16. As another example of the utility of the 
foregoing differential ſeries in finding the value of a ſe- 
ries that converges very ſlowly, I will now apply it to 
the ſeries which expreſſes the time of deſcent of a 
heavy body through a circular arch of go, which de- 

creaſes 
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Art. 17. a heavy body, or she 16 Cpt | 


to 5 Jefrcata by te mere force of gravity through any 
arch of a circle not exceeding the arch of a quadrant, or 
g0% and the m otion be ſuppoſed to begin from # ate 
of reſt, and to continue till the bob of the pendulum, or 
the heavy body, comes to the loweſt- Point of the circle; 
and the radius of the circle be called , the perpendicular 
Height, or verſed fine, of the arch through which the 
deſcent is made, be called v, and the right ſine of the 
ſame arch be called 3; and r be put for the number 
1.670, 96,326,794, Kc. which expreſſes the ſemi-cir- 
cumference of a circle whoſe diameter is called 1; and 
the time of the fall of a heavy body through the verſed 
ſine v, or the perpendicular altitude of the arch through 


which the pendulum. deſcends, be denoted by u: the 


time of the deſcent of the pendulum through the ſaid 


circular arch, 7 corr reſponding to the verſed ſine or altitude 


4 4 10 


vn te vñ to the loweſt point of the circle, will be expreſſed by 


: 


74 CIS 2 A ec + v« 
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| CH? 1.1 +3, gs. — 22 „ + 2. 35-5 7.7 

1 2-2 712 2.4.4 SEES 7 2.24.45. 6. 5 


e the is, s very 


. 
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every new term being ebe fm the. b. 


ing- terns by multiplying it into the fraction 2 — and 
lkewiſe into a numeral fraction, whoſe denominator i is 
the ſquare of the index of the powers of v.and-s in the 
new term, and whoſe numerator is the ſquare of the odd 
number that is leſs than the ſaid index by an unit. 


namen eee 


des l. . NAA — their natural 
num equal to x, and n ſhall be = 


, and c= 


= 


And we ſhall have 


—3-3, i _ Fe _ 2 11.11 
44 Ay C= 5p, p-, K- oy Do r⸗ 78510 E, o 1a F, N 


220, and ſo on; and conſequently the . 


14.14 
1.1 v 1.1.3.3 3. * 
124 77 2.2.44 N 2.2.4.4. 0.0 4 


| 10 Iz 14 
Or . N. — &c. will be A — 


1. I. a  3.3-Bv* re 29.9. = 4.27 11.50 19-19-00" 
2.2. 77 4-4 .6.6. "8.8.5 10.10, s 12.12. % 14.14 


14 v 9 280 49Dvf _ 8120? 121 pot 1696 v"* | 


+8&c. or 2 
+ &c. or, if we convert the co-efficients of the terms 


into decimal fractions, 
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1003 15 144. 1965'* 


5 "7 


„ andD ne and fo on of den 


v7 [Jeb +55. 2.5 8c. | „ 


3 it would be neceffary to compute a' vaſt number of the 


hd l N Y 7 
+ 71 
LA 2 y 


* mY pt — * ran 
10. ageſoooo o, +1 40,625,609; 


Gil 1 127 2 CLIT w?. 210 uin 4 * 
Sogenbs 250 8085. 8 „406, 
-bei eon 3 i eee . amet Watt + fo, 2 


9604562413 378 . sog r vx gx = 
3 77 + 8&c. The co-efficients of 
theſe terins decreaſe fo ſlowly (eſpecially after the firſt 
thyetve or fourteen terms) that; when the verſed fine v is 
very nearly equal totheri ight ſine 3 (as is the caſe when the 


areh *thtoagh which the heavy body- deſcends is nearly 
ecual to 90*; or the arch of a whole quadrant of a cirele) 


12 


terms of the feries in order to obtain its value exact to 
ſeven or eight places: of figures; and, when v is. quite 
equal to q (as is the caſe when the arch, through Which 
the deſcent is made, is exactly equal to go”) the compu- 
+ tation of the value of the ſeries to that de gree of exact- 
nefs in that direct manner becomes wholly impractica- 
ble. But by the help of the differential ſeries, above- 
mentioned its value, may be found, even in this caſe, to 
that degree of exactneſs without much difficulty; more 
eſpecially if we compute the firſt twelve terms of the 
ſeries in the common way, and then apply the differen- 
tial ſeries to the inveſtigation of the remaining part of it 
in the fame manner as in the laſt example. This we 
ſhall now procecd to do. 
5 ? g Art. 
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r a arg. TO efficienies vf firſt bel be term A 

de Lries A 110008, UF 020000 a — LEE ti 
45s 1445 


165 368 ”.. 
F &> ow eoin 51 82 17 10 eres 
- o r 38 oo — be ane 


A > 1a005000,090,000,3 - S. o KT. + 


S ze bse be de erde. 
Cg Te e840. - OeT. 2 10.08 4,020. + 


Seck ede bse 50. 
—.— — "597,656, bv LOTS 0. + 


'S = 
9 berg de $I2- Ness eta £2.41 = 2 dige 
E = 6355 68,9665 456 65. 
CEE een, 64 eee MT on nA 
e . 
— 72 „ ee e 
HET = 4,75 0b * 
Z 0381565, 54660373 0 
* 18. — 8 = 2.07.2 0 oY 
| 094, 399,336,453 a 
1,900,080. = ir x 3 eres eo. 
sss. loi, 55 EY 


Bat whe e n n if the caſe. of a auch of ges, - 
and all its powers will be'=1]} and the twelve terms 
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e810 71 


nenne 


in be.equal de their coteſſicients Ann % 
n. Therefore in this caſe the 1 twelve 
terms of this ſeries are So 
1.000,000,000,000, — .2 80, ee Selbe, | 
.I 40,62 5,000,000, - .097,656;2 50,000, 
074, 768, 66, 406, . 060, 62, 133,78 8, 
050, 889, o1 5,1 96, = .043,87 8,793.7 14, 
38, 565,346, 37, —. 034, 399,336,434, 
031, 045,401, 131, . 028, 287, 235,328, 
which are =1. 335,892,828, 770, — 51 3 49,64. 
2.821, 109% 66. 
Axt. 20. The remaining part of this ſeries is 
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23.23. 5 25. „ ah. 25 o 29. — 31. 31.40” 
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2 e 32-37-75 7. 1 
* "30.30 38>. 6 . ak 


-025,979,07 5, 599, «5 42 Deren desen x a 


> + + #8 


+ 022, 334, 101, 69, X by _ 026,869,976,759 f 5 


+ -019,585,984,048, * 2 01 8,450,810,332, x % * 7 * 


* * 
+ 01 eee $3 * N 0 6,5341 843679, * 
— ad which is = 2 x the ſeries 


$025,97 9,07 5,500, — +024,0T 9,T I 5,66 1, 25 
+. 022, 


* 2103541030696 =.016M6861G7597 4 


18 |: 


+ 919585,984,048,7 -.018,450,810,232,5 | 


+ .017,440,001,955,* _ 01 6,5 34,1 84,67 9, % 
3 ſubſtitute * in this At- G3 inftead of 


A. 34 — 2 # % 
= IC : 
2 * the ſeries 4 


.02.5,979,07 5,500, - 024401991 anne „ | 
*. 022, 334, 101, 169, * = .020,869,976,7 59,x* 
1.019, 885,984,048, x* — 018, 450, 810, 232, * 
+ . 017,440, 01,95 5, x* 016,834, 184, 67 9, 
Kc. Now the value of this laſt ſeries may be diſco- 
vered by the application of the differential ſeries 


Is Dixzx Dilly 251% — 4 bes“ nb; 


ir ire Ffef 14a 77 == T4! . .- dec. 
in the manner following: | | 

Here a is = 02 5,9797507 5,500; oc. 
2. 024,019, 15,661; r en 
= 022,334,710 1, 1693 
= .020,869,97 6,759; 
= -019,58 5,984,048; | 
.018,450,810,2323 
= -017,440,001,9553 

= .016,5 34,1 84,679. 
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2 001568, 0 Y ooo, 220 896082; 
HB. . 800, 180,13 55699 
F 1 e = 001,283, 992,711; 009,48, 818, 898 
66 = 2.001, 135,173,816; 000, 124,36 57539 
72 hn, , 0 -660;X64,997,001- 
4. eee 17,58. ere 
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des. a | 
.000,002,580, 131; 
ooo, oo 1, 780, 630 
Therefore 51 is = vi 689 rA h 
9 = :ob0,2/20,890,0923 y 
S . ooo, 40,75 8,3833 
wr" =:000,009,445, "> + | a 
Dp? S ode „50%, 586, Ws -\ 
Di Se, 00, 805,50 r. 2 

Conſequently the differential ſeries 
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5 140 i490 143) 14 140 
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* * 1 _ mw wh Js 


* | os SOT, x = 
_—_ 

This is the general value of the _ differential ſeries, 

whatever may be che value of x, or? —, But in the caſe 

here ſuppoſed. of am arch of gg", the. verſed fine v is 

equal to. the ſine 4 and therefore 7 or . i is; = I, and. 


— = = or 2. Therefore we ye N 


1 17 
ſeries is in this caſe equal to 

0 255979, 075, Soo, 

. 024,0 19,1 15, 661, x. a 


— . 001 5685, 14,492, * 
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000,040,758, 383, x « 7 
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— 000,002,586, 17, * 2 
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ooo, ooo, ze 5,501, x 128 


— 8&C. = 025197 997 1590, * 12,009, 58718 30, 
000, 42 1,253,023, 
— ,000,027,61 1,260, 
o, oon, 547,398, 
00, ooo, 298, 174, 
. ooo, ooo, o40, 408, 
| = -000,000,0006, 292, 
— &c. b 
025,979,075. 00, — 012,461, 311, 985, &c 
= 013,5 17,763, 51 5, Kc. Therefore the ſeries 
a-ba+cxx-dx*+ex\-fx g BA &c., or 
026,979, 0) 5,500 — 024,19, 15,661, 4 
1.022, 334, 10 1,1 69, 20, 869, 976, 759, * 
+ .019,585,984,048, x* . 018, 450, 8 10, 23, x5 
+ . 017, 440, oo 1,955, x* . 016, 5 34, 1 84, 679, x" 
+ Kc. is in this caſe = 13,763,625, 7 Kc, 
Therefore ” x this laſt ſeries, or = = x the ſeries 
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* 0 22,334,1 0 1 69, 57 0 20, 859, 97 K 
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r Of 9,58 5,984,048, 5 555 — 20 e 3 2, 5 | 


+ 0 17,440, oo 1,95 $377 = 01675 34 184.6795 | 


+ 8c. is in this caſe Rs OL SaST9y7 6-51 5, — 
that is, the ſeries pd 
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4935,979,97 $4599, 7 02450 19,1 1 


1 5 018, 450, 8 10, 232, x = 


: 555 1 DP” ores” AI. 
+ 017, 440, o0 f, 95 5, * 016,534, 184,679, 


2 or py e 'RuP 85 * r 1 
-+ &C., or r ogy god wy + —7 _ g3Þ * .g36 -—— Kc. is 


in chis caſe = ay DT3;517,7 03,515, Kc. en 


v is in this caſe = 5, and conſequently = * is = 1) 


.013,517,763,515, KC. But we before found the 
value of the firſt twelve terms of the ſeries 


BU cv pe Fry Fo” 


R — + Nc. to be in this ode = 


:821,109,079,506. 8 the value of the whole 
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ſeries a 2>—=> === +. We ad infimium is in 


this caſe = :821,109,079,506, + .013,517,703,51 5, 
Vo I. LXVII. G g — Kc. 


A % - = 


as would have appeared if we had computed. nmr : 
term or two of the differential ſeries. 


226 22 
ccc. "= = 834,626, 8433021, — 
eight figures 8 34-626,84 are jan ep the error x deing in 
the ninth figure 3, which ought to be a 2 nſtead of a 4, 
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Art. 21. Since the ſeries 42 * wh AER of 


5 Avvo 2 . 0 6. 5 ev⸗ 117m 9.9.24" 
+ Kc., or 1— 2.2.58 ep 7 4.4. 6.6. * 8.85% 10.1040 © — GC, 


is, in this caſe of an arch of go*®, = .834,626,843, —&c., 
or ſomewhat leſs than. 8 34, 626, 84 3, the product of that 
ſeries into x x => will be = TX 2 -834,026,84 3,—$c.= 
(becauſe v is in this caſe=5) x « 7 x .834,626,843, Kc. 
81.570, 796, 326,794, &c. x 7 x .834,626,84 3 
—&C,=7 x I. 311,028,779, &c., or ſomething leſs than 
7 x I. 311,028,779; which is exact to nine places of 
figures, the more exact value of this quantity being 
7 x I. 311,028,777, 146, &c. as appears by a computa- 
tion made by Mr. STIRLI NG, in his admirable Treatiſe on 
the Summation of Serieſes, p. 58. 
Art. 22. This value of the product of 1. 570,7 96, 


326,794, &c. x into the ſeries 


N 88 2 
2.2.55 4.4.4“ 6.6.“ 8.8.“ 10.105 


the foregoing proceſſes in this extreme and moſt difficult 
caſe, to wit, I. 31 1, 028,779, &c. x 7, exceeds its true 
value, 


4 = + &c., found by 


finding the m nanu beries, &c. 227 
value, 1.31 1,028,777, 146, Scc. ＋ by unly o, ooo, 
. 002, r, or two thouſand-millionth parts of the radius 2; 
which 1s indeed a moſt minute difference, and ſhews the 
great exactneſs and utility of this differential ſeries. 
Art. 23. Of the nine figures to which the number 
1.311, 028, 779, found by the foregoing proceſs, is exact, 
the laſt eight are owing to the differential ſeries. For if 
we were to multiply the value of the firſt twelve terms 
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only of the ſeries 3 * "y . or 
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number . 821, 109, 079, 506, into 7 x 7, or 1. 570,7 96, 
326,794, &c. x 7, the product would be only 1.289, 
&c. x 7, Which is true to only one place of figures, the 
ſecond figure being a 2 inſtead of a 3. This therefore is 
an eminent proof of the utility of the ſaid differential 
{eries. 

Art. 24. 1n an arch of go? the verſed ſine is equal to 
the radius of the circle, that is, according to the fore- 
going notation, v is . Therefore by art. 17. together 
with the foregoing computation, it appears, that the time 
of the deſcent of a pendulum, or other heavy body 
(moving freely from a ſtate of reſt by the force of 
gravity only) through the arch of a Whole quadrant 


of a circle is to the time of the fall through the cor- 
G g 2 reſpondent 


8 * Ke. to wit, the 
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reſpondent perpendicular altitude, or the radius, a 
1. 311,028,779, Kc. * is to r, or as 1.311,02 8%, 
— Kc. is to 1. 
Art. 2 5. Hence we may determine the proportion of 
the time of deſcent of a pendulum through an arch of 
- 90? to the time of its deſcent through an infinitely ſmall 
arch at the bottom of a quadrant, or rather (to ſpeak cor- 
rectly) to the limit of the time of deſcent through a very 
ſmall but finite arch at the bottom of the quadrant, to 
which the ſaid time continually approaches nearer and 
nearer as the ſaid ſmall arch is taken leſs and leſs, and to 
which it may be made to approach ſo nearly, by taking 
the ſaid ſmall arch ſufficiently ſmall, as to differ from it 
by leſs than any given quantity. For this latter time, or 
limit, is known to be to the time of the fall of a heavy 
body through half the length of the pendulum, or half 
the radius of the circle, as the ſemi-circumference 
of a circle is to its diameter, that is, as the number 
1.570, 796, 326, 794, &c. is to 1. But the time of the 
fall of a heavy body through half the radius of the 
circle is to the time of the fall through the whole radius 
| as I tow 2, or 1.41 4, 213, &c. Therefore, ex æquo, the 
ſaid limit of the time of deſcent of a pendulum through 
a very {mall arch of rhe circle at the bottom of the qua- 
rant, is to the time of the fall of a heavy body through 
6 the 


ning vie Value of an infitite Series, "Ke. . £229 
-the radius of the circle, or the whale length of the pen- 
dulum, as 1. 570,796, &c. is to: 1.414, 213, &c. But 
we have ſeen in the laſt article that the time of the fall 
of a heavy body throu gh the radius of: the circle is to 
the time of deſcent of a pendulum through the arch of 
a whole quadrant as 1 to 1. 311,028,779, &c. There- 
fore the limit of the time of deſcent of a pendulum 
through a very ſmall arch at the bottom of the quadrant 
is to the time of deſcent through the arch of the whole 
quadrant as 1.570% 96,320, &c. x I is to 1.414, 2 13, 
&C. x 1.31 1,028, 779, &C., or. as 1.570, 796, 326, &c. 
18 to 1. 414, 2 I 3, &c. x 1.31 1,028,779, — &c., that is, 
by art. 21. as 1.570, 796, 326, &c. is to 1.41 4, 21 3, &c. 
x 1.570, 796, 326, &c. x . 834, 626,843, — &C., or as 
I to 1.41 4, 21 3, &c. x . 834, 626,843, Kc., or as I to + 
1. 180, 340, &c., or, in ſmaller numbers, as 1 to 1. 180, 
or as 1000 to 1180, or as 100 to 118, or as 50 to 59. 
Art. 26. This proportion of the times of the de- 
ſcent of a pendulum through an infinitely ſmall arch 
at the bottom of the quadrant, and through the arch 
of the whole quadrant, agrees pretty nearly with 
that aſſigned for them by Mr, HUYGENS in the pre- 
face to his admirable Treatiſe on Pendulum-clocks, 
or De Horologio Oſcillatorio, which is that of 29 to 
34. For 50 is to 59 as 29 is to 34.2, or 345; or 
(neglecting the fraction +) as 29 is to 34; Mr. HUYGENS _ 
meaning 


130 . MASERESS\ Method, K . 
meaning, probably, in that place, not to expreſs this pro- 
portion as accurately as he could, but only as nearly as it 
could be expreſſed by ſmall whole numbers. However, 
the numbers 30 and 59 expreſs this proportion rather 
more accurately than 29 and 34, and with pretty much 
the ſame degree of ſimplicity, and therefore, upon the 
whole, are ſome what to be preferred to them. 

Art. 27. I have endeavoured to find another differen- 
tial ſeries, ſimilar to that above deſcribed, for the purpoſe 
of inveſtigating the value of an infinite ſeries of this 
form, to wit, 4+ bx+cxx+dx*+ex*+fa*+g x*+hx"+ 8&c. 
(in which all the terms are marked with the ſign +, or 
are added to the firſt term a) when the co- efficients g;, c, 
d, e, / g, Þ, &c. decreaſe very flowly, and x is very nearly 
equal to 1, and the terms of the ſeries decreaſe. conſe- 
quently ſo ſlowly as to make the furamation of it in the 
common way, or by the mere computation and addition 
of its terms, almoſt impracticable; but my endeavours 
have not been attended with ſucceſs. I may therefore, 
from my on experience, ſubſcribe to the truth of what 
is aſſerted upon this ſubject by the very learned and in- 
genious Mr. JAMES STIRLING in his Treatiſe, intitled, 
Summatio Serierum, p. 17. to wit, that Series quam 
termini funt per vices nevativi et affirmativi, ſunt magis 
trattabiles quam altere, ubi de Summatione agitur; 
though at firit ſight one would be apt to imagine the re- 


- verſe of this propoſition to be true. 
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Remarks thereon: in a Letter from the Rev. George 
Ooſtard, A. 4. Vicar of Twickenham, to the Rev. Sa- 
muel Horſley, LL. D. Sec. R. S. 


REV. SIR Tait, 
Read Feb. 13, PF FA VING, by means of the Royal Society, 

. been favoured with a tranſcript of the 
Arabic paſſage in manuſcript of EBEN YoUNEs, in the 
library at Leyden, I now ſend you as exact a tranſlation 
of it as I can. I give it you in Latin, as the former 
tranſlations of it were in that language; and as the num- 
bers in the manuſcript by no means agree with calcula- 
tions made by modern tables, I have ventured to ſup- 
poſe that they have been ſomehow or other altered from 
what they were in the original tables of EBN YOUNES. I 
have likewiſe ventured to ſuppoſe that the preſent Ley- 
den copy is a tranſcript of another copy, which 1s no 


very violent ſuppoſition, conſidering how long ago theſe 
obſervations have been made, and how long it is ſince 
EBN YOUNES Wrote. "0 


1 have 


23 Mr. e ee 5 = | 
I have likewiſe-made:no: ſcruple to ſuppale that, how- 
ever diftin& and elegant both the Arabic letters and 
figures are in later manuſcripts, they were not ſo in thaſe 
ot a more aticient date, o that the one might eaſily be | 
miſtaken for the other, where*there is a ſimlarity: and 
This rriiſtake would be the more -eaſily committed by a 
perſon ignorant of the fubject he was upon. This pro- 
bably was the caſe of all ſuch as were hired by bokfellers 
o tranſcribe manuſcripts for ſale; and for this reaſon, 
wherr.the tranſcriber had made any miſtake, he would 
not blot it out for fear of ſpoiling the ſale of his book. 
There is an.inftance of this fort in this very manu- 
ann in the obſervations of the third eclipſe, which is 
that of the. Moon, as yqu will ſee in the tranſcript and 
trandlation-ſent you laſt year by Mr. 8CHULTENS. : || 
If what hath: been aid be allowed me, as J hope it will 
not be thought too much, I think I ſhall be able to ac- 
count poſſibly, if not probably, for the differences be- 
tween the obſervations as tet down in the manntcript, 
and the reſult of the calculations by -modern tables: a 
thing which hath not been hitherto attempted, as few 
ho have been verſed in aſtronomy have been ac- 
quainted with the Arabic language; and they on the 
Other hand, who have well underſtood Arabic, have 
þcen as little converſant with aſtronomy. 


'What 
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What 1 have now advanced ſhall be exemplified under 
the firſt eclipſe, which i is one of the Sun. 


In this eclipſe, according to the manuſcript, at the be- 


ginning, the Sun's altitude was more than 15 (a) degrees, 
and lefs than 16 (); and at the end it was more than 
33 degrees (&) and 3. But I make the Sun's height 
at the beginning 30 0) degrees, and at the end, nearly 
36 (). In the manuſcript, the digits eclipſed are ſaid to 


have been 8 (V, or , as it is ſometimes written); 3 but A 


make them only a little more than 4(0), or about 4+. 


EBN YOUNES Was 11 letters or arithmetical figures i is un- 
certain; but moſt probably it was in the former of theſe 
two, as it is in moſt of the tables now extant, though 
compoſed: ſince the admiffion and, uſe of arithmetical 
figures. Upon this ſuppoſition then, or that they were 
ſo in the manuſcript from whence the preſent manuſeript 
was copied, we ſhall very * account for the miſ- 
takes we find in it. | 
Thus for inſtance, j by ane accidental firoke at the 


44» 


written in manuſcripts; and if the perpendicular ſtroke i in 
the) was made ſhort, as in a table it very well might be, 
) (30) would naturally be taken for A or a, (1 5); and, 
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dy the fare rule, 5 (36) would very eaſily be taken 


| the end, by obſervation, was a little more than 33 (de- 


| hich was a ſolar one, is this: 
: 4 


_—_— 7 
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. and (i) the digits ä — 
in tlie other form of notation, or < in this. 
a the manuſcript it is ſaid, that the Surys altitude at 


1 


grees; but this would, in a 1 * AY e 
be miſtaken for (35) or (36). , me 

s to tlie words, tranſlated by Profeſſor denen 
for Mr. eRIsCHOw, « zccidit hoc in planb cireuli ejus 


« minus quam 7 digiti,” I am apt to ſuſpect they are 


nothing more than ſome margirial reading crept into the 
text; that is, ſomebody ſeting the digits eclipſed here 


| hs 8 (=) added, as the Arabic will very well bear, 


a. imo minus quam F (7) or v (7), as in the other form 


of notation that figure is ſometimes made. - The writer 


of this manuſcript, whoever he was, was certainly ac- 
| quainted wi with both forms of "tiotation, as he hath . 
uſe of both. | | 

This interpretation is at leaſt plauſible, and clears 


1 up A ſentence which greatly perplexed both Mr. 6R1s- 


CHOW and Dr. BEVIS, and ſeemed to them — unin- 


telligible. 


The account given by cuxrius of the ſecond  ectip, 


Anno 


ee in e dee 235 
2 videlicet, ag men fig Sal 
(aumero decimi, qui Paſchalis eſt egrum) gxliphs Solis 
occupavit digitos 72. In principio, Sol altus fer 569. win 
fine; Sel 5 gradibus 26. Ex SHICKARDO 
in MS. 

Ilmis it is an is not a ; trandlatiqn of the Arabic, for 

that, as tranſlated byscuulrENs for Mr. GRISCHOW, and 
tranſmitted by him to Dr. BEVIS, We e and i is 
as follows: 


333 4 - * - F - 
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 Hzc edliphis extitit die Sabbati, 29 8 Sie wal, anno 
367 Hegiræ. Et dies Sabbati hicce ipſe eſt dies 9 men- 
ſis Chordadma, anni 348 Jeſdagirdis, et ipſe 8 menſis 
Haziran anni 1289 Alexandri, et ipſe eſt 14 menſis 
Buna, anni Diocleſiani. 

Fuitque maximum quod eclipſatum eſt, de diametro 
Solis, 5 digiti et > ſuper calculo accuratiore. 
Erantque de plano circuli ejus 4 digiti et 10 minuta. 
Et erat elevatio Solis, tempore quo eclipſis incepit, ſe- 
cundum oculum 56“ circiter; et erat integra ejus re- 
apparitio cum eſſet elevatio ejus 26 graduum, aut circi- 
ter; erantque Sol et Luna ſimul in hac eclipſi, in pro- 

H h 2 pinquo 
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pliquo diſtantiz maxim 2 U terra. eus feat edles | 
ile venis 'ﬆ Pontus. 1 be rabies be e qua 
. Cliff 9s po 
Thus far Mr. Scnvr.rENS. . Inet obſerve 


that, according to him as well as cuxrius, the Sun's al- 


titude at the beginning was about 56*; or in Arabic nota- 
tion ; but by computation 1 make it only about 
47 500. Suppoſe it were 47 (Y); then where the letters 
are ſmall and ill made, and / may eaſily be miſtaken 
for each other. 

The Sun's altitude at the end of this eclipſe, according 
to both curTIUs and'SCHULTENS, was 26 (J); but by 
calculation I make it a little more than 367 (). But 
theſe figures are ſo nearly alike that they would eaſily 
be miſtaken by an ignorant tranſcriber, a ant from a ma- 


nuſcript that was ill wrote. 


How SCHICK ARD, Or CURTIUS for him, came to make 


the digits eclipſed 7; 1 know not: for in the manuſcript, 


as tranſlated by sCHUtTENS for Mr. 6RISCHow above, 
we ſee they were only 5 and that /uper caloulb accura- 
tore, or as the Arabic ſhould have been tranflated, juxia 
calculum accuratiorem. The meanin g of which, I fup- 
poſe, is that EBN YOUNEs had found by calculation'that 


the digits eclipſed would be 52, and that at the time his 
calculation agreed with his obſervation; as indeed it did, 


for 


* 2 a 
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for T make them about 535 however. — this differs 4 
from 7 as in cunxriuvs. | 
| When the altitude of the Sun; at the 9 of | 

this eclipſe, is ſaid to have been 56* or nearly, /ecundum 

oculum, it is evident that this was an obſervation.. 
When it is added, erantgque de plano circuli ejus 4 digits 
et 10 minuta, in words at len gth, it ſeems to have been 
fome interpolation: or marginal reading, crept into the 
text, as another ſeems to have done under the former 
eclipſe; for if the di gits eclipſed. here were 52, agreeable 
both to obſervation and accurate calculation, they muſt 

certainly have been more than 4* 100. 

At the concluſion of the former. eclipſe it: was. added 
in the tranſlation, Deus ſcit an. 0b/ervatzo. fit bene inſti- 
tuta; and here the paſſage, as tranſlated, concludes with 
Deus ſcit an calculus hic bene ſit poſitus. But in the 
Arabic, as I have received it, there is no mention made 
either of ob/ervation or calculation. The words are the 
ſame in both paſſages, and are only adjuvante Deo. The 
other tranſlations. ſeem only to have been what Mr, 
GRISCHOW collected from. profeſſor sCcHULTENS, who, he 
fays, was totally ignorant of aſtronomical language, as he 
himſelf was ignorant of Arabic. 8 
The third is a Lunar eclipſe; and the account given 
of it by CURT1Us, from SCHICKARD, is this: 


Anno 


0 My. cos ann's ene of . 
| Ann Chriſti 979. Anno Hegiræ 368 (qui incepit 
d. 8 Aug. mihi die 9 Aug. anno Chriſtiano 98) die 
Jovis, 14 Sywal, Luna fuit orta cu defectu, qui ad 5: 
Uigitos accrevit, cum extaret ſupra horizontem gradibus 
etiam 26 (ſubaudio finem tunc accidiſſe). SCHICKARDUS, 
Qui adjungit, tempus reſpondere diei 14 — anno 
— 979. A 2 1 
The account of this eclipſe, AS anti Lby Profeſſor 
SCHULTENS for Mr. GRISCHOW, is more particular and 
intelligible. | 
Eclipſis Lunæ extitit in menſe Sieval (ave Xaval) anno 
368 Hegiræ. Orta eſt Luna eclipſata, in nocte cujus au- 
rora fuit feria quinta. Et hæc feria quinta fuit dies 25 
menſis Ijar, anni 1290 Alexandri, et ille 20 menſis 
Baſchner (ſive Pachon) anni 695 Diocleſian. 
ppatium quod eclipſatum fuit de diametro ejus, fuit 
amplius quam octo digiti, et minus quam novem. 
Fuitque hora ortùs ejus proxima horæ oppoſitionis, ſe- 
cundum fundamenta quibus computare ſoleo. 
Et perfecta eſt ejus reapparitio (five finis) cum præ- 
teriifſet de nocte (i. e. poſt occaſum Solis) circiter hora 
juſta, et quinta horæ pars, prout obſervavi. Et erat Luna, 
in hac eclipſi, in propinquo diſtantiæ ſuæ mediæ. 
Tempus reſpondet diet 14 Ma, anno Chriſti 979. 
5 With 


— n Eur YOUNES. 


600 
Wich regard to the time of the oppoſition, and ches 
Moon's riſing at Cairo, there is very little difficulty; for = 
ſhe roſe there at 60 48 10% and che time of . 
was at 6b 24 36”; | 
The end of this eclipſe there was at 76 54 26%; and: 
the time of Sun-ſet was at 6* 47 5 . The difference is: 
Th 6/0 16% and agrees very well with the manuſcript. 
The paſſage; as we have it here in eukrius from: 
SCHICKARD, is very obſcure. For it ſeems either to mean 
that when the digits eclipſed were 532 the Moon was 26” 
High, or that ſhe was 26* high when the eclipſe ended. 
But I take the laſt to be intended; for the Moon was 
26 high at 7* 36/, and the eclipſe ended, as we faw,/ a6 it 
75 54 260%. FN 
But when SCHICKARD or CURTIUS ſay this defed7us ad: 
52 digitos accrevit, the meaning muſt be that they 
amounted only to 82. But this is not true; for according 
to the manuſcript, they were between 8 and , and I 
make them about 82. 

I am: apt to ſuſpect, therefore, that the tranſcriber,, 
whoever he was, caſt his eyes on the Solar eclipſe above, 
where the digits eclipſed are really 52, and careleſsly ſet 
them down to this Lunar eclipſe where they do not be- 
long. And to confirm. this conjecture it muſt. be ob- 
ſerved, that after the word Diocigſian under this Lunar 
eclipſe, in the Arabic follow / lines, which are a repe- 

tition 
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tition of all that was faid under the laſt ſolar eclipſe, 
from the fame word 3 an to the end "op that: obſer- 
vation. . 
I ſhall now, in the laſt place, give you a FW * 
the Arabic paſſage intire, omitting however the interpo- 
lations mentioned above, which embarraſs the whole. 
Infit ALI 1BN ABDORRAHMAN, 1BN -ACHMED, IBN 
YOUNES, IBN ABDOL” AALI. | 
Tmprimis, jam commemoravi eclipſes, tam 'Solares 
quam Lunares, quas obſervarunt viri docti; eruditi ii 
-quorum nomina recenſui, quaſque ad eos retuli, incipi- 
tndo ab auctoribus libri dicti ALWOMTAHEN, uſque ad 
flilios Majour; quin et conjunctiones eorum cum ſtellis 
fi xis, quas obſervarunt, et quorum loca commemorarunt, 
et invenerunt, tempore conjunctionum eorum. 
_ _  Tpſe deinde memorabo eclipſes quas obſervavi, tam 
Solares quam Lunares, et conjunctiones cum ſtellis fixis, 
et quænam fuerunt formæ eorum in conjunctionibus 
ſuis. Ut quicunque me ſequantur, et indicia habere deſi- 
derent, meis utantur, quemadmodum ac ego eorum in- 
diciis et directionibus uſus ſum, qui ante me — 
Deus autem adjutor eſt. 
Eclipfis Solaris erat priore parte diei, feria quind, die 
2 octavo menſis Rabiæ poſterioris, anno Hegiræ 
367. 
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367. Et hc feria quinta erat dies decimus ſecundus 
menſis Adzermah, anno Yezdagerdis 346. 5 
Caraffæ adfuimus, in templo ABI GAATARI ACHMED 
IBN NASAR Africani, ccetus eruditorum, ad, hanc elipfin 
obſervandam. E quorum numero erat HAROUN IBN MO- 
HAMMED AL GAAFARI, et ABU ABDALLAH AL HOSEIN IBN 
NASAR Africanus, et ABUL' HOSEIN ALI IBN MAHAR= 
BACHT Perſa, et ABUL' ABAS ACHMED 1BN ACHMED AL 
CHURGII, et ABU ACHMED ASSUMACHI, et ABU OMAR 
Scriba. 

Ex his, præter alios eruditos cum reliquis obſervatori- 
bus, nonnulli erant aſtronomicè docti. 

Ipſe quoque eodem contendi, una cum ABUL' KASEM - 
ABDORRAHMAN IBN HOSEIN, IBN TISAN, AL IDAS, et no- 
SAN IBN AL DARANI, et HAMED IBN AL HOSEIN. 

Et hi omnes initium hujus eclipſeos obſervarunt, quæ, 
ad ſenſum meum, apparere incepit ſole Plus quam gra- 
dibus 1 5, minus autem quam 16 elevato. 

Omnes quoque præſentes opinione conſentierunt ob- 
ſcurari de diametro ejus circiter 8 digitos. 

* * * * * % 

Et ſplendor ejus perfectè recuperatus eſt cum cleva- 
retur amplius quam gradibus 33 cum tertia fere, parte, 
prout ipſe menſuravi; omnibus qui aderant conſentien- 
tibus. | | 
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In bac 2415 3, Sol et Luna ſimul erant non longs a 
- Ant ſua \ proximl a ter. Adjuvatits Deo. NY out! 


ECLIPSIS S OLAAIS. 

Hzc eclipſis incidit in diem Sabbati, diem 29 menſis 
Shuwal, anno Hegire 367. Eratque hic dies Sabbati, 
dies 9 menſis Chordadmah, anno Yerdagerdis 347, et 
dies 8 menſis Hazirin, anno Alexandri 1 289; et inſu- 
per dies 14 menſis Bounah. anno Diocleſiani 694. 
Maximum quod anne eſt de diametro ſolis erat 
5⁴ digiti. | 


* * * * * * 
Et quando hæc eclipſis, ad oculi aciem, jam incepiſſe 
conſtabat, Solis altitudo erat circiter gradus 56, et lucis 
ejus reſtitutio completa eſt cum altitudo ejus eſſet 26 
gradus, vel circiter, 
Erantque Sol et Luna ſimul, in hac eclipfi, prope dif- 
tantias ſuas maximas a terri. Adjuvante Deo. 


ECLIPSIS LUNARI 8. 


Hæc contigit menſe snuwal, anno Hegiræ 368. Orie- 


batur Luna, eclipſi jam inchoata, nocte cujus Aurora 
erat feria quinta, que feria quinta erat dies 28 menſis 
Ardbaheſt, anno Yezdagerdis 348, que fuit 18 menſis 

Har 


mA ſas A. 
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Jar, anno æræ Alexandri ! I 290. Eratque dies 20 men- 
fis Biſhnis, anno Diocleſiani 698. NY 
* * © # 


: Eratque quantitas diametri ejus obſcurata, NOR 
digiti 8, et minus quam novem. 'Tempuſque ortiis ęjus 
erat prope tempus oppoſitionis, An fundamenta quibus 
computavi: lucemque plenam recuperavit cum de note 
preteriiflet hora circiter æquinoctialis, cum/quinti/parte, 
prout ipſe conjectavi. 

Eratque Luna in. hac eclipf, haud procpl a diſtantia 
ſua media a terra. Achuvante Deo. 1 ert 

This 1 hope will be fu fficiently 2 h erz, 
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XIII. Ob/ervations on the Annual Evaporation at Liver- 
pool in Lancaſhire; and on Evaporation conſidered as a 
Teft of the Moiſture or Dryneſs of the Atmoſphere. By 
Dr. Dobſon of Liverpool. Communicated by Jobn 
Fothergill, M. D. F. R. S. 


Read Feb. 13. | 
1777. 


E quantity of rain which falls during 
the courſe of the year, is a very un- 
certain teſt of the moiſture or dryneſs of any particular 
ſeaſon, ſituation, or climate. There may be little or even 
no rain, and yet the air be conſtantly damp and foggy; 
or there may be heavy rains, with a comparatively dry 
ſtate of the atmoſphere. The ſame depth of rain will 
lkewiſe produce different effects on the air, accordin g as 
it falls upon a flat or hilly country; for large quantities 
toon quit the hills or high grounds, while ſmaller quan- 
tities have more laſting and powerful effects on a flat 
country. Much alſo depends upon the nature of the 
toil, whether clay or ſand, whether firm and compact, or 
looſe and ſpungy. | 
Is not evaporation therefore a more accurate teſt of 
the moiſture or dryneſs of the atmoſphere, than the 


quantity of rain ? Os 


It 
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and that its powers of ſolution are in proportion to its 


dryneſs. It is likewiſe well known, that in chemical ſo- - 
lutions, the action of the menſiruum is greatly promoted 


by heat and agitation. If the temperature of the air 
then, and the ſtate of the winds, be aſcertained, which 
in the prefent caſe denote the heat and agitation of the 
menſiruum, the evaporation will be the true index of the 
dryneſs of any particular ſeaſon, ſituation, or climate. 


To determine the annual evaporation in the neigh- 
bourhood of Liverpool, I procured two well-varniſhed 


tin veſſels; one of which was to. ſerve the purpoſe of a 
rain-gage; the other was to be employed as my evapo- 


rating veſſel. The evaporating. veſſel was cylindrical, 
twelve inches in diameter and fix inches deep. The 


rain-gage. conſiſted of a funnel twelve inches likewiſe in 
diameter, the lower end of which was received into the 
mouth of a large ſtone- bottle; and, to prevent any eva- 
poration from the bottle, the pipe of the funnel was 


ſtopped with a grooved cork. Theſe veſſels were placed 


in the middle of a graſs- plot, on a riſing ground adjoin- 
ing and immediately overlooking the town, about ſe- 


venty- five feet above the level of the ſea, and with a free 


expoſure to the Sun, winds, and rain. The cylindrical 
veſſel was filled with water within two inches of the 


top; 


It is well known, that air is an active ſolvent of water, 


2246 P. bossοτπ O m⁴ ku of. ,, © 
top; and if, in conſequence: af heavy rains, there was 
danger of its overflowing, a quantity of water was taken 
out; but if, in conſequence of long drought, it ſunk 
lower, a quantity of water was then occaſionally added; 
and theſe additions or ſubtractions were carefully re- 
giſtered. At the end of every month, the depth of rain 
was firſt calculated; and, as each veſſel received the ſame 
depth of rain, I had only to examine the quantity of 
water which had been added to, or taken out of, the eva- 
porating veſſel, and the evaporation of the month was 
aſcertained. | | 
The firſt column of the following tables points out 
the mean temperature of the air at two in the afternoon. 
The ſecond, the character of the month with reſpect to 
the winds, the number of dots expreſſing their ſtrength; 
and, to make this part tolerably accurate, daily obſerva- 
tions on the winds were marked down, and the character 
of the month formed from a general ſurvey- of theſe ob- 
ſervations: our winds are Weſterly for near two-thirds 
of the year. The third column points out the evapora- 


tion of each month in inches and decimal parts of an 


inch. The fourth, the depth of rain during each month. 
And the fifth, the ſtate of the ſeaſons, E being prefixed 
to the evaporation of the whole three months, R to the 
rain, and 'T to the mean temperature. I 


It 
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It is to be. obſerved, that in making theſe experiments, 

251 grains were allowed for evety cubic inch of water; 

and that three pounds and twelve ounces of water give 
a depth of one inch on a circular area of twelve inches 


diameter. 


A comparatiye view of the evaporation, rain, winds, and 
3 of the air, 2 the year 1772. 
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TABLE e e ** 
A comparative view of the evaporation, rain, winds, ** 


temperature of the air, during the year 1773. 


f Temp.] Winds, rere. Rain. s — 1 
. ne | — — 
ar 1.8 5 | 3-15 ES 5.74 
» $6 1.13 2.37 R. 6.17 | 
... - 2-76 F elbgJ* rg 5 
| 
2 3.79 4.56 Ro 8.35 
. 2.66 1.42 |-/ r. 58... 
1 4.92 | 1.32 E. 14.02 | 
1 68.756 [4.41 * 10.8 
| 1 3-35 6.55 1. | 
== 2.79 | 457 [Vz. 5-49 | 
© 0 © 1. 15 6.69 1 15.58 
8 „ + 0 1.55 4.32 r. 48. | 
4-59 | 49.18 * 
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A coniparative view of the evaporation, rain, winds, and 
temperature of the air, during the year 1773. 


Temp. 


TABLE. II. 


'S 


__ 


& \ : P N 
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Winds. Evaporat. | Rain. | — | 
| i. A bas 

© © „ „ 1.8 5 | Z-15 E. 5.74 
2 1.13 2.37 R. 6.17 

| © 0 2.16 | obs [r. 45. 
Tov « 5 2.89 2.47 E. 9.34 N 
« 3.79 4.56 [f. 8.33 
2.66 1.42 9 1. 58. * 

. „* 4.92 | 1.32 | E. 14.02 | 

. 5-75 | 2.21 * 10,08 | 

.. 3-35 6.55 | T. 65. 

4% 2.79 | 4.57 E. 5.49 
=" 1. 15 6.69 * 15. 58 | 
Sd « 1.55 4.32 T. 48. | 

59 | 40.18 |_ fi 
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OBSERVATIONS. 


1. It is anions ** theſe tables, whether we attend 
to ſeparate months, ſeaſons, or years, that the depth of 
rain is a very erroneous index of the moiſture or dryneſs 
of the atmoſphere. On comparing the two months July 
and Auguft of the year 1772, it appears that the tem- 
We | . perature 
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perature of the air, the ſtate of the winds, and the eva- 
poration, were nearly the ſame during theſe two months, 
and yet the rain of Auguſt was more than double that of 
July. The reaſon why the greater quantity of rain had 
no more effect than the ſmaller in adding moiſture to 
the atmoſphere, is obvious; for on conſulting my regiſter 
I find, that the rain of Auguſt fell in heavy ſhowers, and 
ran off the ground before it could be evaporated; while 
that of July, falling in ſmall drizzling — gave 
more time for its evaporation. 
Again, the temperature of the air, the ſtate of the 
winds, and the evaporation, were nearly the ſame during 
the firſt three months of the year 1773, with what they 
were during the laſt three months of that year; the ſtate 
of the air therefore, with reſpect to moiſture and dry- 
neſs, muſt have been the ſame during theſe two ſeaſons; 
and yet the depth of rain, in one of theſe ſeaſons, was 
much more than double what it was in the other. If. 
we attend to Whole years the ſame obſervation is con- 
firmed. The rain of 177 5 exceeded the. rain of 1774 
more than eight inches; and hence it might be con- 
cluded, that the atmoſphere was more moiſt in 1775 
than in 1774; the reverſe of this, however, is found to be 
the fact: for there evaporated from a conſtant and deter- 
minate ſurface of water in 1775, full three inches more 
K k 2 than 
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3 —— ſurface of water in 1774. 
Conſequently the dryneſs of the atmo} phere or its power 
of ſolution, 8 the * 10 5, exceeded that of 
1774. 7 n | | 7 
2. If we take the medium of four years obſervations 
it appears, that the annual evaporation at 3 
amounts to 36.78 inches. 

Dr. HALLEY obſerved at London, that water WER in 
a cloſe room, where neither the winds or Sun could act 
upon it, exhaled only eight inches during the whole 
year. He makes no doubt but that the free acceſs of the 
winds would have trebled the quantity carried away; 

and that this again would have been doubled by the 
aſſiſtance of the Sun. Dr. HALLEY, therefore, fixes the 
annual evaporation of London at 48 inches If this 
calculation be admitted, it follows, that the annual eva- 
poration of London exceeds the annual evaporation of 
Liverpool 11 inches; but were the experiments to be 
made in London, in the ſame circumſtances with thoſe 
made at Liverpool, it 1s probable, that this would be 
found to be more than the real difference. 

The learned cRqvilus obſerved at Delft in Holland, 

that there exhaled from water ſet in the open air, but in 
a calm and ſhady place, about 30 inches; and it is not to 


(a) Phil. Tran Ne 212. 


be 
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be doubted, ſys Dr: Buowenlee in his very valuable 
work, The Art of mating common Sali, but that double 


this quantity, or 60 inches, would have exhaled, had it 
been placed where the Sun and winds could have had 
their due effects. In another part of this publication, 
Dr. BROWNRIGG: fixes the evaporation of ſorne parts of 


England at 7 3.8 inches during the four ſummer months, 


May, June, July, and Auguſt; and the evaporation of the 
whole year at upwards of 140 inches . Theſe are cal - 
culations, however, which do not appear to correſpond 
with experience; for the whole evaporation at Liverpool, 
inſtead of 140 inches, was only 36.7 f inches. The evi» 
poration likewiſe of the four ſummer months, on a me- 


— eee 18.88 


inches. : HOT 17% ty Se e BU 

3. Dr. HALES r hs . annual evapora- 
tion from the ſurface of the earth in England, even that 
from a ſurface of hop- ground, at 6.66 inches . If we 
compare this with the annual evaporation from a ſurface 
of water as determined by experiment, we find, that the 
latter exceeds the former about 30 inches; and that the 
annual evaporation from a ſurface of Water, is to the an- 
nual evaporation from the ſurface of the earth in this 
part of England, nearly as 36 to 6, or as 6 to 1. 


(50 Page 185. (e) P. 189. 
(4) Veg. Stat. vol. I. p. 55, 56. 
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evaporation of this part of Lancaſhire we find, hut more 
falls in rain than is raiſed in vapour, even though the 
whole were à furface of water; for the rain is to che 
evaporation as 37. 43 inches to 36.78 inches: and we 
of the earth is little more than a ſixth part of what de- 
ſcends in rain; we muſt therefore have very large ſup- 
plies from other regions, from the ſurrounding - ſea, and 
from the ocean of warmer climates. Hence we ſee, why 
our South and South-weſt winds are ſo often accompa- 
nied with rain; for as the air ſweeps along the warmer 
latitudes, it involves a large proportion of moiſture, 
which is conſtantly and copiouſly exhaling from the 
ocean; and this moiſture being retained in a ſtate of ſo- 
lation till it reaches the colder climates, is then either 
collected in clouds or immediately precipitated in rain, 


according to the different conditions of the atmoſphere. 


Theſe foreign ſupplies, however, are uniformly re- 
ſtored to the ſources from which they were derived: for 
that proportion of rain which riſes not in vapour, after 
moiſtening and refreſhing the earth, forms ſprings, 
brooks, and rivers, and is thus perpetually returning to 
the ocean whence it was taken; ſo truly philoſophical are 
the words of the preacher when ſpeaking of this valt 

circulation : 
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circulation; . AN the rivers rum into the fea, yet the ſea 
4. is not full: unto: the place —— rivers 
11— return again.“ 5 Led 
.5. About a century ago, the 1 — Mr. e 
of Townley in this county, made ſome accurate obſerva- 
tions. on the depth of rain which fell annually in the 
neighbourhood of the hills which divide Lancaſhire and; 
Yorkſhire; and on taking a medium of fifteen years, he 
determines it to be 41.5 16 inches “. The depth of rain, 
therefore, at Towriley exceeds the depth of rain at Liver- 
pool about four inches. This is probably, however, deſo 
than the real difference; for there was a ſource af error 
in Mr. TOWNLEY's experiments with which the world was 
not at that time acquainted; - Mr. rowWNEE VVS rain- gage 
was fixed full ten yards above the ſur face of the earth'//; 
which circumſtance, according to ſome later obſerva- 
tions, makes a very material difference in the reſult of 
the experiment'®, Were the obſervations to be repeated 
at Townley, and the rain-gage placed upon the ground, 
there can be no doubt but that the depth! of rain would 
conſiderably exceed 41.516 inches; for I find from a 
great number of een made during the laſt three 


(+) Phil. Tranſ. abridged by Lowthorp, vol. II. p 46. (f) wid. 
(g) Phil. Tranſ. vol. LIX. art. 47. 
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years vnn two veſſels of equal dimenfions, one placed on 

the ground, and the other eighteen yards higher on the 
battlement of the Hoſpital; that the quantizy received in 
the lower veſſel exceeds that in the n 1 than 
one· chürd and lefs than'ohechalfy 1 . 
6. An ingenious friend, on — avs: 
tions, aſked, «© Whether the fact of evaporation going on 
« equally well in an exhauſted receiver, was not an un- 
& ſurmountable objection to that theory conterning eva- 
4 poration, which ſuppoſes a chemical ſolution of water 
in air?” With ——— E made the 
9 experiment. MS enen och :: 

Tuo china ſaucers, each ee . 

water, were! accurately weighed. One of tem was 
placed in the open ar; che quiekſilver in the thermo- 
meter ſtood during the experiment between 48 and 530“, 
the day toterably clear with a moderate breeze. The 
other was put under che receiver of an air: pump; the air 
Was exhauſted, and the piſtons occaſionally. worked, to 
draw off any of the water which might be fuppoſed to 
de converted into vapour. After four hours the ſaucers 
were again accurately weighed; that in the open air had 
loſt one drachm and eight grains; the W of the 
2 was not ſenſibly diminihet. 
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From dh oxpeaiment. it appears that ajr.is a chemi- 
cal ſolvent of water, and as tuck 45; undoubtedly to, be 
conſidered; a ane canſe of the evaporation .of water. 
Heat is another cauſe of evaporation, 2nd : when raiſed 
to 3; ſufficient degree may produce this effect with- 
out the intervention of air, and the evaporation conſe- 
quently g on copiouſly in an exhauſted receiver, agree- 
ably-to che experiments of the ingenious Dr, 1Ry1NG', 

The following obſervations are added as a farther il- 
luſtration of this ſubject. Water may exiſt in air in three 
different ſtates, f. In a ſtate gf perfect ſolution... 2. in 
2 ſtate of beginning precipitation. Or, 3. Completely 
gs; and falling in drops of rain. 

In the firſt inſtance, where the water is in a ſtate of 
d iphation, the air is clear, dry, heavy, and its 
Powers of ſolution {till active, though it already contains a 
conſiderable proportion of water. In the ſecond, the air 
becomes moiſt, foggy, its powers of ſolution are dimi- | 
niſhed, and it becomes lighter in proportion as its water | 
is depoſited. It is a ſingular and well-atteſted fact, that it 
never rains in the kingdom of Peru; but that during part 
of the year the atmoſphere iS conſtantly obſcured with 


G ) Phipps's — to the North Pole, p. 21: I, 
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vapours, ant the whole ae involved 1 in "on they 
Gall Ganger, or thick fog 299697 e 28497900] 

It 8 not neceſſary to point out the cauſes which thus 
diſpoſe the air to depoſite i its diffolved water; nor to con- 


ſider with what bodies air hath a ſtronger affinity than 
with water: - neither to inquire how far the electrical fluid 


is engaged in the proceſs. It is ſufficient to-obſerve, that ſo 
long as theſe cauſes have a general action on the air, they 
diminiſh its power of ſolution, and give a damp and foggy 
ſtate of the atmoſphere; that when they operate for a con- 
ſiderable proportion of the year, they produce a moiſt 
climate; and that when they more generally do not, and 
the air retains its moiſture i in a ſtate of perfect ſolution, 
the climate is dry. Conſequently, that the moiſture or 
dryneſs of a climate, do not fo much depend upon the 
abſolute quantity of water which is contained in the air, as 
upon the air being i in a ſtate of perfect or imperfect ſolu- 
tion. During long continued ſummer droughts, a very 
large proportion of water is diſſolved in the air; notwith- 
ſtanding this, the air is ſtill dry, and continues to be ſo as 
but as the water remains in a ſtate of perfect ſolution; 
long no ſooner are the powers of ſolution diminiſhed, 
than what was before a dry, now becomes a moiſt climate. 


( i) D'Ulloa's voyage to South America, vol. II. p. 69. 
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there may be partial and ſudden preci ipitations from par- 


ticular regions, v while other parts of the atmoſphere till 
retain their water in a ſtate of perfect ſolution. q Heavy 


thunder-ſhowers are the moſt remarkable inſtances of 
partial, ſudden, and copious precipitations, 
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In the third inftance, the diſſolved water may be 
either ſlowly precipitated and fall in drizzling rain, or it 
may be more powerfully diſcharged in briſk rain; or 
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Jan. 15, 1777. 
Read Feb. W HEN I had the pleaſure of waiting on 
* you laſt winter, I had hopes before now 
of giving you a more perfect account of the peculiarity 
of viſion which I then mentioned to you, in a perſon of 
my acquaintance in the North: however, if I give you 
now the beſt I am able, 5 e r you will par- 
don the delay. "ve hs | 
I promiſed to procure you a written account from the 
perſon himſelf, but this I was unfortunately diſappointed 
in, by his dying ſuddenly of a pleuriſy a ſhort time 
after my return to the country. 

You will recollect I told you that this perſon lived at 
Mary-port in Cumberland, near which place, vis. at Al- 
lonby, Imyſelf live, and having known him about ten years 
have had frequent opportunities of converſing with him. 

7 nm His 
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His natue was HAKRrs, by trade a ſlibe- maker. 1 had 


and magnitude of all objects very diſtinctly, but could 


curiofity, I converſed with him frequently on the fub- 


to believe other perſons ſaw ſomething in objects which 
he could not fee; that their language ſeemed to mark 
qualities with confidence and preciſion, which he could 
only gueſs at with hefitation, and frequently with error. 


years old.  Havirig by accrdent found itt the ftreet a 


4 red ſtocking, though he did not anderftand why they 


with fabſequent obſervations led him to the knowledge 


that enters the mind; it m̃ay perhaps ſeem extraordinary 
chat he did not obferve his want of it ſtill earlier. This, 
however, may in ſome meaſure be accounted for from 


whom 


often heard from others that he could diſcern the fort 
not diftinguiſh colours: This report having excited my 


ject. The account he gave was this: That he had reafon 


His firſt fuſpicjort of this aroſe when he was about four 


child's ſtocking, he carried it to a neighbouring houſe to 
inquire for the owner: he obſerved the people called it 


gave it that denomination, as he himſelf thought it con— 
pletely deferibed by being called a Focking. Phe eircurn- 
ftancez however, remained it his memory, and together 


* 
. — 


of his defect. As the idea of colours is among tlie firft 


the circumſtance of his family being quakers, among 
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whom a general uniformity of colours is known to pre- 
He obſerved alſo that, when young, other children 
could diſcern cherries on a tree by ſome pretended dif- 
ference of colour, though he could only diſtinguiſh 
them from the leaves by their difference of ſize and 
ſhape. He obſerved alſo, that by means of this difference | 
of colour they could ſee the cherries at a greater diſtance 
than he could, though he could ſee other objects at as 
great a diſtance as they; that is, where the ſight was not 
aflifted by the colour. Large objects he could ſee as well 
as other perſons; and even the ſmaller ones if they were 
not enveloped in other things, as in the caſe of cherries 
among the leaves. 
I believe he could never do more than gueſs the name 
of any colour; yet he could diſtinguiſh white from black, 
or black from any light or bright colour. Dove or ſtraw- 
colour he called white, and different colours he fre- 
quently called by the ſame name: yet he could diſcern a 
difference between them when placed together. In ge- 
neral, colours of an equal degree of brightneſs, how- 
ever they might otherwiſe differ, he frequently con- 
founded together. Yet a ſtriped ribbon he could diſtin- 
guiſh from a plain one; but he could not tell what the 
colours were with any tolerable exactneſs. Dark colours 


3 1 
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in general he often miſtook for black, but never ima- 
gined white to be a dark colour, nor a dark to be a white 
colour. 8 
He was an intelligent man, and very deſirous of un- 
derſtanding the nature of light and colours, for which 
end he had attended a courſe of lectures 1 in natural phi- 
loſophy. | 
He had two brothers in the ſame circumſtances as to 
ſight; and two other brothers and ſiſters who, as well as 
their parents, had nothing of this defect. | 

One of the firſt mentioned brothers, who is now liv- 
ing, is maſter of a trading veſſel belonging to Mary- 
port. I met with him in December 1776, at Dublin, 
and took the opportunity of converſing with him. I 
wiſhed to try his capacity to diſtinguiſn the colours 
in a priſm, but not having one by me, I aſked him, 
Whether he had ever ſeen a rain- bow? He replied, He 
had often, and could diſtinguiſh the different colours; 
meaning only, that it was compoſed of different colours, 
for he could not tell what they were. 

I then procured and ſhewed him a piece of ribbon : 
he immediately, without any difficulty, pronounced it a 
{triped and not a plain ribbon.. He then attempted to 
name the different ſtripes: the ſeveral ſtripes of white 
he uniformly, and without heſitation, called white: the 


four black ſtripes he was deceived in, for three of them 
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he thought brown; though they were exactly of the ſame 
ſhade with the other; which he properly called black. 
He ſpoke, however, with diffidence as to all thoſe ſtripes; 

and it muſt be owned, the black was not very diſtinct: the 
ght green he called yellow; but he was not very poſi- 
tive: he ſaid, „I think this is what you call yellow.” 
The middle ſtripe, which had a flight tinge of red; 
he called a fort of blue. But he was' moſt of all deceived 
by the orange colour ; of this he ſpoke very confidently, 
ſaying, „This is the colour of graſs; this is green,” 1 
alſo ſhewed him a great variety of ribbons, the colour of 
which he ſometimes named rightly, and ſometimes as 
differently as poſſible from the true colours. 
I aſked him, Whether he imagined it poſſible for all 
the various colours he ſaw, to be mere difference of light 
and ſhade; whether. he thought: they could be various 
degrees between white and black; and that all colours 
could be compoſed of theſe two mixtures only? With 
ſome heſitation he replied, No, he did imagine there 
was ſome other difference. 

I could not conveniently procure fem this perſon an 
account in writing; but I have given his own words, 
having ſet them down in. writing immediately. Beſides, 
as this converſation happened only the 1oth of laſt 


month 
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months, it is ſtill freſh in my memory. I have endea- 
voured to give a faithful account of this matter, and not 
to render it more wonderful than it really is. | 

It is proper to add, that the experiment of the ſtriped 
ribbon was made in the day-time, and in a good light. 


I am, SIR, &c. 
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XV. A neu Theory af the Rotatory Motion of Bodies 2 
"by Fo, rces diſturbing ſuch Motion.. By Mr. John Lan- 
den, F. R. S. 


Read Feb. 20 AM induced to conſider this paper as: 
5585 not unworthy the notice of this Society, 
through a perſuaſion that the theory herein contained. 
will conduce to the improvement of fcience, by enabling 
the reader to form a true idea, and accordingly to make 
a computation of the motion (or change) of the axis about 
which a body having a rotatory motion will turn, or have 
a tendency to turn; upon being affected N a force diſ- 
turbing its rotation; particularly » of the motion of the 
aarth's axis ariſing from the attrackzon of the Sun and 
Moon on the protuberant matter of the earth above its 
greateſt inſcribed. ſphere: which compound motion, .1 
conceive, has not been rightly explained by any one of 


the eminent mathematicians whoſe writings on the ſame 
ſubject have come to my hands. Whether in this, eſſay 
1 have really ſucceeded better than other writers who 
Have attempted an explanation of ſuch motion, I ſubmit 
to gentlemen. well verſed in mechanics to determine.. 


I. Fig. 
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* pr Fig. 1. Let the ſphere apr, whoſe radius is 7, re- 

3 uniformly about the diameter ach as an axis, with 
the angular velocity 74 meaſured at D or E, the motion 
being according to the order of the letters DGEH in the 
ſection at right angles to ACB, fig. 2. ; and, whilſt it ĩs to 
revolving, let the pole A be impelled by ſome inſtan- 
taneous percuſſive force to turn about the diameter DCE, 
from a towaflls u, with the velocity 20. It is propoſed to 
find the new axis about which the ſphere will revolve 
after xeceiving ſuch impulſe. 


Calling a, parallel to Dc, æ; c will be =Vr= &: the 
eadpcker of the point à (about acs) before the impulſe 


on A will be = =; and the velocity (about Dce) given 
to the ſame point (a) by the ſaid impulſe will be = 


W. Which velocities of the point a being in con- 


trary directions, if it be ſo ſituated that they be equal, 
then, one deſtroying the other, that point will ſtop and 
become one of the new poles ſought, about which the for- 
mer poles A and ; will revolve with the velocity ww; and the 
points p and E wall reyolve with the ſame velocity (c) as 
before the perturbating impulſe on the point a; but in- 
ſtead of deſcribing the great. circle DGEH, their motion 
will be about the new axis a5; about which they (as well 
as the ports A and B) will deſcribe leſſer circles parallel 

M m 2 to 
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to the great circle de, in which the points d and e (de 
being at right angles to 46) will revolve about the ſame 


LOL 


axis (ab) with the velocity V+ . Which being de- 
noted by e, and n and 7 being put for the fine and coſine 
of the angle aca to the radius 1, me will be= , ne gc, 
and conſequently mne*=cW. 


Now taking — _ A * „ in order to and that new 


axis ab, we have fn that equation x= === ==—=a/ 


Moreover it is obvious, that if a ſpheroid, a cylinder, 
or any other body, whoſe center of gravity is c and pro- 
per axis AcB, were, whilſt revolving about that axis with 
the ſame angular velocity (c), to receive ſuch an impulſe 
as inſtantly to give the point a the angular velocity 
about DCE; the axis about which that ſpheroid, cylinder, 
or other body, immediately after the impulſe, would re- 
volve, or would have a tendency to Tevolve, would be 
the ſame line ab. 

The great circle' de (6g g. I.) ind any other great circle 
ſo ſituated with reſpect to the axis of any revolving 
fphere, I ſhall denominate the nid- circle. 

2. In the manner above deſcribed the poles of the fphere 
are by the inſtantaneous impulſe on the point a inſtantly 
changed from a and ; to 4 and 5.” Bat if, inftead of ſuch 
impulſe, a continued attractive force F (like that of gra- 


vity) 
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vity) ied at A fig. 2, 2 at the new e a, a, i 5. as | 
they become ſuch by a ſucceſſive change cauſed by ſuch 
continued action of the force F urging the 2 at 


every inſtant to revolve about the diameter de, or de, | 


&<. of the conternporary mid-circle, the new pole (a, a, 
c.) would not inſtantly be at a finite diſtance from the 
primitive pole A, but ſome finite time would be requiſite; 
that by fuch ſucceſſi ve change, the pole might be varied 
to a finite diſtance from A: and the force r continuing | 
invariable; the velotity (v) wh erewith the pole changed 


its place would be expreſſed by =, F; being the time elap- . 


ſed whilſt the pale Is varying from a to , and S the 
length of the arc ag. Therefore the velocity wherewith S 
the pole will change its place during ſuch action of the : 
force F will be expreſſed i in the ſame manner a8 the ve- 
locity. (v) of a body moving uniformiy from A to @ in 
the time / may be expreſſed; that is, | in both caſes v wlll : 


be = r. But there is a material difference between the 
e a a body ſo a from a to à and the change 4 


of place of the pole 47 4, &c. the former is permanent, | 
and will continue to carry the body forward without the 
action of any force whatever; whereas the latter will | 
inſtantly ceaſe, and the axis will keep its poſition, - it the 
force 
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0 
Goren F. ceaſes to act thereon; like as the varying 3 b 


tion or A > projectile near thi eins aghice Would irhinie. 
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0 Jt is-obſertable, that whilt the forcer1affigandithe 


evolving ſphere, in. conſequence of ſuch, aftian, every 
moment takes g next, is, the angular motion about the 
; axis Will continue ipvariable;, t the action of ſuch. force 
only altering: the ax1s \ without altering the. angular velo- 
<ity, af. the ſphere about it: like as the. direction of 2 
moving body. is altered, without altering the. velocity 
thereof, by an N force continually : actin gonitin 
A direction at right angles to that in which the body is 
moving. And if ever the force F ſhall ceaſe to act, the 
1 phere will inftantly revolve with its primitive velocity 
(c) about the axis it then may have been brought to take 
by the preaction of that force. 
The new axis, about which the ſphere has ſuch ten- 
dency to revolve at any inſtant during the action of the 
force r, I ſhall call the momentary axis; ; and the * 


thereof the nomentary poles. 


3. From the equation 2 —— (art. I.) we have 


＋ 


2 Now if a continued attractive force (r) act 
during the time Z as above - mentioned, inſtead of the 


4 inſtan- 


ihe Rotatory MoHoie of Bodief. 351 
inſtantanecus percuſſi ve force at a, we, according to the 
doctrine of fluxions, muſt, inſtead of , take W, or its 


equal F4, and x inftead of , in . theres. 


221 Ge 


fore, in this es; we have? 25 2 xe nagar 2 * Whence, put-- 
ing 2 for the arc 6 or AG, &c.) whoſe ſine is x, and 
writing & for its equal —= de get e ac, or S =. 


a * 


Hence v 4 the velocity wherewith the mo- 
mentary pole (a5 a, Rec.) abiges' its Place during che 


action of the accelerative force r, we e have S = Mb 


FF: ' 1 , 1 "ROM + . 
and conſequently” o Dini II 2 to 


4+ The value of may: alſo be determined i in the fol- 
lowing manner (fig. 4+) Conceive a very thin ſtring. 
(without weight) to have one of its ends faſtened to a 
fixed point / and the other to a heavy particle of matter 
n; alſo conceive ſuah particle fo to re volve with the ve- 
locity e, about the line In, that a certain acceleritive 
force F (ke that of gravity referrecł to a certain direc- 
tion) continually acting on the ſaid particle n, in a diz 
rection at right angles both to the ſtring Jim and to the 
tangent to the curve in wie /n is moving, the ſtring 
ſhall deſcribe a conical ſurface. Then din being denoted 


by 


perpendicular to Ju, by g: < the centri- 
fugal force urging »2 in the direction on, * 12 3 F as 


£40 V = 10., Therefore y muſt be = = 


= whilſt m is 10 revolving, the force x ceaſes acting, the 
ſaid particle (n) will, it is obvious, immediately proceed 
to deſcribe a great circle of the 1; phere whoſe radius is r 
and.center 4 of which great circle, one of the, poles. will 
be ſituated in a leſſer circle parallel to, and goꝰ diſtant 
from, that deſcribed by n during ſuch action of the ſaid 
force; which pole, during ſuch action, will change its 
place in the ſaid leſſer circle in which it will at any time 
be found with a velocity (v) which will be to e as (5) the 
radius of the laſt mentioned circle to g. But s will be 


Vi*—#; therefore we have v: e:: V: 8 N 


3 
dy r and mo, 


2 2 0 Conſequently _ = LET will be = L= and 


rF 


"i | 

Loet now n be a point on the ſurface of a ſphere whoſe 
center is V and radius Im 7; and let the ſphere revolve 
about an axis ſo that n ſhall deſcribe a great circle with 
the velocity e. If then ſuch a motive force begins to act 
on the ſphere, that, continuing its action, the point 
ſhall always be urged by the invariable accelerative force 
F.to move in a direction at right angles to the ray Im and 
7 bo 
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to the tangent to the curve which n will deſcribe; that 
point it is obvious will, in conſequence of the action of 
that force, deſcribe a leſſer circle of the ſame radius () 
as that deſcribed by the particle n when faſtened to a 
ſtring and acted on by the force as above-mentioned; 
and the center of the ſphere being always conſidered as 
at reſt, one of the momentary poles of the ſphere will 
deſcribe a circle whofe radius will be 7* — F parallel 
to, and go* diſtant from, that deſcribed by the point n. 
For if the ſaid force were to ceaſe acting, that point of 
the ſphere would deſcribe a great circle, as would the 
particle at the {ſtring in the like caſe; and therefore 
both the ſaid particle and the point: n of the ſphere at 
every inſtant having the ſame tendency, and being acted 
on by equal accelerative forces, the effect will be the ſame 
with reſpect tothe motion of each. Conſequently, v being 
put to. denote the velocity wherewith the momentary 
pole changes its place in the circle which it will deſcribe 
whilſt the motive force producing the accelerative force 
y acts on n as juſt now mentioned, v will be = —, the 
ſame as in the preceding article, e here denoting that 
velocity which we there denoted by c. 
5, Referring the point of action of the a 
force to the mid-circle we have not hitherto conſidered 
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that point as varied with a greater or leſs velocity than 
O that of the point #1; that is, with reference to ſuch 
circle we have always conſidered the point as the point 
of action. But it is obvious, that, ceteris paribus, the 
point of action with reſpect to the mid-circle (which: 
point we will now denote by ) may be varied with a 
velocity greater or leſs than e; and that, ceteris paribus; 
the velocity (v) of the momentary pole will be the ſame 
with what velocity foever ( the point of action of the 
force y be varied; the direction in which that force acts 
being always at right angles to the ray (2g) from the: 
center of the ſphere, and to the tangent to the curve de- 
{cribed:by () ſuch point of action. | + od 

Yet, although v continues the ſame whether, cæterit 
paribus, (u) the velocity of the point ꝗ be greater, equal 
to, or leſs than e, the immoveable circle in which the 
momentary pole wilt: be found will not- continue the 
fame; that circle being greater, equal to, or leſs than the 


circle whoſe radius is V= according as à is leſs, equal 


to, or greater than e, as will be made more nent by 
what follows.. 


6. Fig. 5. Let þ (in the great circle R þ a9) be one 
of the poles of the axis about which the ſphere RST, 
whoſe radius 1s 7, is revolving (according to the order of 


the letters vgs) with the angular velocity e, meaſured at 
4 the 
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the diſtance 7 from the axis; and whilſt it is ſo revolving 
tet the ſaid pole be "Ins to turn about a diam eter of the 


mid-circle v 7 8 towards 75 by an accelerative force F, and 
let fach force continue to act on the fucceflive new poles | 


55 6 cc. as they become ſuch, always urging the ſphere 
to turn about a diameter of the coritem Porary mid-circle, 
whilſt the direction in which ſuch perturbating foxes 
acts is regulated in the following manner. 

. Conceive the ſaid revolving ſphere to be rate 
by an immoveable concave ſphere of the fame ra- 


5 „ 


dius 7. Then the momentary pole (p, P, p, &c.) will 


# 44 iid 


always be found in ſome curve expe &c. in- the ſaid 


„ #1 


concave ſphere, and in ſome curve pp 1 &c. on the 
revolving ſ (phere; -which laſt mentioned curve will conti- 


4 #H . 


nually touch and roll along the other curve PPP 8c. on 
the immoveable ſphere, the force r and the direction in 
which it acts varying in any manner whatever. Let v 
be invariable; then, it is obvious, the two curves ſo 
touching each other will be circles; and if great circles 


4 8 4 „, 414 . 


Pq, Pq, P g, &c. be deſcribed on the ſurface of the im- 
moveable ſphere whoſe planes ſhall be at right angles to 


4 014 14 = 


the plane of the circle ye &c. the points 9, 9, J, &c. 
N n 2 therein, 
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therein, each goꝰ diſtant from r, ?, P, &c. reſpeQively, 


#4 b4 i 


will be in a. circle (999 &c.) parallel to the ſaid circle 


% #t# 


Er &c. Now as a regulation to the direction in 
which the force x ſhall urge the momentary. pole, let: 
that direction be always a tangent to the great circle ſo 
jag. Goqugh that pole and. the correſpondent point 


#8 +88. of tt 


94.9, or g, Kc. whilſt the arcs 9, 29. &c. are to tlie arcs 


4 „ „„ 


PP, PP, &c. reſpectively in the conſtant ratio of 2 to v. 
The direction in which the force acts being ſo regu- 


ted; it is obvious chat the radius of the circle ppp 


8 44 41h + 


&c. being denoted by +, the radius of the circle 399 
&c. will be VF, the diſtance of theſe. parallel cir- 
cles being 90*. Therefore their peripheries being as the 
velocities (v and #) with which they are deſcribed, their 
radii ( and Vr -) will be in the ratio of the ſaid velo- 


cities; that is ::: 5: Vr —b* ;, whence, = being =, 


4 W ue od 


þ,.the radius of the circle p. K. i 18 found = = 
+0 


EEE 


4 1 * the radius of the circle 47 


ru r . rF | 8 
Kc. "OR ==, being = g, the velocity where» 
V. 1 


with 
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with honey faxe 8c. changes its place. 


— whoſe ſine i is ——= 778 2. 0 the g 
„„ 


ee 


circles 9, 2 7, 4 r, &c. will interſect each other at the 


point R. 
7. 8 the force F bein g invariable — aQting g. 


as exprefſed in the precedin 8 3 the primitive pole 
9 and the momentary poles 55 P. Nc. will all be found 


4152 


in a circle ppp Rc. deſcribed upon the ſürface of the 
revolving ſphere, as obſerved in that article; which. 
circle, during the action of the force of r, will (as is alſo 
obſerved in the ſaid article) always touch and roll. along 


#44 i 


the inmoveable circle (pe Kc.) whoſe radius: we. 


* 


have — now found =- ere y = =; the point of 


147 


contact being always the momentary pole. 


Let the fine of che arc rd. of the great circle R ; Aar 
in the revolving ſphere be equal to k, the radius of the 


1 44” 


ſaid circle Ppp Kc. then will the point Qand its oppo-- 
ſite paint (o) in the ſurface of the ſaid ſphere, during. 
the action of the force , deſcribe circles in the ſur- 
3. rounding 


258 


atv view: mee, 


rounding immoveable oncaye ſphere parallel to 6 PP 


vtec.) the dtde deſeribed by the momentary pole 55 55 


8c, ãànthe ſame concave ſphere. And ſuch point QC and 
its e point (o) being continually urged by the 
force A in directions, at right angles to the tangents to 


the arcs "they deere” their velocity WiII cotitinue the 


ſame as before the action of the ſaid force commenced; 
Aue DIG GIUATIBT SH gniod x 9510} 905 N93 1017 


which velocity, and the radius of the {aid circle þ/ bb 
c. will be determined by the following computation. 
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That radius being denoted by # we have „: Ke: 25 


þ * 4 * * N. * 
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the velocity, of the PRE mn the a0 of the force 
F commenced; and : the velocity of the 


fame point (G) during the my of that force, x being 
put for the ſine of the arc Qn; ; therefore the velocity of 
& continuing the ſame during the action of 5 as before, 


þ K 
we have = Inte K is s the fine of the ſum of the arcs 


* 


RP, PQ, whoſe fines are eb and r reſpedtivel; : therefor 
2 7 — . *. — 


vin be= =K; and by fabſtitution we e get 


E v r— hour —b* 2 99 , = 3 1 
— * + 2 9 SE — being = * 
Fn r * Ki U 


r 7 


by the preceding article. Hence we find * = 
{ #4 F of v 
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7 it follows, that == ( will be 


2 J r N 11 


equal to the velocity of the point q, and likewiſe of its. 


— 1 121 * 


oppoſite point (0)-1 in the ſurface of. the ſphere. It Yo 
follows, that x, the radius of each of the circles deſcribed 


1 


by thoſe points, Guring the action of the force F will be. | 


r e 
equal to al: 36 nin 31 i ba 
rue 1 1 


By what is done it appears, that during the ation of 
the force r, the motion af the revolvin g ſphere: will be 


— 


* , 


regulated by the circle ppp &c. thereon (whoſe. radius is 


= e e nn and rol-; 


Fri * 3 - Ac 3&1 


' 
' 


4 04 HY 


ling Jong the immoveable circle ppp 8c. (whoſe ra- 


d 5 18 — = i ſo that the velocit of, the 
| 75 + v* — | "OY | q 


point of comract be U =, Conſidering. the ming a8. 


4 8 mh 


always urged from the points p, Py P, &c. and conſe- 
quently its oppoſite point (0) towards thoſe points, it 1s 
neceſſ. lary ta obſerve, that according as 10 is leſs or greater 


— —— — — — — — — 1 —— - 
” - 
— — 


* 


— 
— — 


Py, 
—"— — -—- . — v - „.* — — — — —  — —L— ey 
= Ln 
- — l - 


| „ | 
than e, the arc PQ (whoſe ſine i 18 n will be leſs | 


or greater than go“; and the point (o) oppoſite to q. 
on the ſurface of the ſphere will accordingly be at a 


greater or leſs diſtance than go? from p. 
It. 


| _ 28s . Nb few Theory of 
1 s 7 negative the wn Whale fine is e an 


1 40 ol. 


* 


be greater than 965 x; 
8. The motion of the where according t to the N 


tion in the precedin: g article is one motion compounded 
of the primitive motion of the ſphere and the motion 


generated by the action of the force r. But conoeivin 8 


(25 port the velocity of the. point Q to ariſe: from an 


impulſe given to it whilſt the ſphere revolved about an 
axis of which Q was an immoveable pole before ſuch im- 
pulſe, and about which the mid- circle correſponding to 
that primitive axis revolved with the angular velocity 


EE — ; and conſidering that the foxceF, continually 
acting at right angles to the momentary direction of the 
point Q and to the plane of the faid mid-circle, only ſerves 
to alter the poſition of the ſaid primitive axis; we may, 
by the help of what is done above, explain the motion 
which the ſphere will have, during the action of the 
force F, 10 as to retain in our ideas the two primitive mo- 
tions (one about the axis Qo, and the other about a dia- 
meter at right angles to that axis) as remaining diſtinct | 
and unaltered. 


(a) Denoting this by c and the velocity of C by d, Vc is Se agree- 
able to art. I, | 


Fig. 


9 „ 
b th. a. * 4 4 
* 
= 
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Fig. 6. Let ED be a great circle on the revolving 
ſphere, of which & is a pole, and let a ſmaller circle DL 
parallel to (me) that which we have found will be de- 
ſcribed by the Point Q, be drawn on the immoveable 
concave fj phere ſo as to touch that Naher circle in the point 


(v) where the great circle QPR cuts it; the rains a 


which teffer circle will be (E =) — 7 
VIU xVe—u 


Then che -rewlving ſphere, during the a&tionr * the 


(av) ſhall continually touch 2 1 roll * the ſaid leſſer 
circle l, the velocity of the Point of contact (along that 


cirele) being = = SE", and the — at the ſame 


ume n axis of which Q is a pole with the 


———— ů 


—— 


primitive angular velocity = —= 2 


Thus the prirnitive motion about the axis of; which 
Qs a pole is preſerved diſtinct, whilſt that pole een 


— 


rev 


Vu ** — v. 227 
with the velocity 7 ==] 2 = Which we ſuppoſed given to 


it. 


(b) This 3 is to the velocity of the point 2 r do x; that is, as the 
radi of the arcs deſcribed, ; 
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deſcribing a circle, whoſe radius is 
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It is obſervable, that the laſt mentioned velocity will, 
according to this regulation of the motion, be to the 
primitive angular velocity about the axis of which Q is a 
pole, as o to eu, or as v tO 1e, according as #4 1s leſs or 


greater t than e; that i is, according as the arc i les or 
greater than 90. 
9. From what has been ſaid it follows, that denoting 


666 


the two primitive angular velocities S and 


= = E end in the preceding Erde by c and 4 


reſpectively, the radius 8. 5. Jof the circle ppp Nc. 
(or ſine of the arc T PQ, Sc.) will be = =; the radius 


5 


# 14 44 


of the circle ppp 8c. (or ſine of the arc at Rei) = = 


de 
e/ FE a 8 * great circle paſſing through the 


primitive poles o and , on the revolving ſphere, will 


turn from the poſition ox d with the velocity - 2 meaſured 


| dre 
1 
i 


F2cdreE+rt 


meaſured at the fixed point R; whilſt thoſe poles deſcribe, 


at the mid-circle, or with the velocity 


#14 MH 


with the Winder a, circles parallel to ppp 8&c. the 
radius (x) of each of the circles (fig. 6.) fo defcribed 
2 being 


9 F a2 | 1 _ a 8 + "024 CY p 
- - = 4 * 4 * 
Q % * 
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m = — — TOE I the radius G of the 


* cr Tr 


12 


— 


circle DL. will be = — rxcd+re =3 be the e 
AJ ed ** 


Tis”; 


. yp: es „. 
==) along the ſaid circle pl. = c ＋ : the up- 


9 s ＋ * 1 
411 
per or lower of the double ſigns taking Place accooring 


as # (= e ==); is leſs or greater than e; that! is, accordin 8 


as the arc yd (Whoſe fine is = 2) is leſs or greater than 


9oꝰ . 
Io. As an \ inſtatice of the uſe of the preceding con- 


cluſions, I will now apply them in the ſolution of a very 
intereſting problem, which I have not before ſeen ſolved. 
Suppoſe a given [dberoid, hilt revolving uniformly 
about its proper axis, with a given angular velocity, to be 
ſuddenly urged by ſome percuſſive force to turn, with ſome 
given angular velocity, about a diameter of its equator; it 
is propoſed to explain the rotatory motion of the ſpberoid 


conſequent to the impulſe /a received. 
Fig. 7, 8. Let DoEQ be the ſpheroid, whoſe ſemi-axis 


co d is S, and equatorial radius Dog E r; and 
ſuppoſing it before the impulſe to revolve about its pro- 
per axis 0Q with the angular velocity c, meaſured at the 
diſtance 7 from the axis, let the poles (o and q) be ſud- 


denly urged by ſome percuſſive force to turn about a 
0 0 2 diameter 


. 1 _ 
1 * * #7 2 
1 : _ — 
* 
ou 
F * 7 - 
N W 
- o 


* . — 


4 —_ 
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tary one; ſuppoſe ſuch new axis to be p 
particles of the ſpheroid being urged (or hats a ten- 


dency) to turn about that axis with the angular velocity | 
Ve +9, (which we will denote by e) their joint centri- 
fugal force will ſo urge the ſpheroid to turn about that 
diameter of the equator which ſhall be at right angles to 


the momentary axis pr, that the accelerative force of 


the point p of the equator to turn it about the ſaid dia- 
meter according to the order of the letters DE will (as 
appears by what is proved in art. 1. and in the Appendix 


ed — oa W—j 8 
annexed hereto) be = > x 5—: or — x=——; according as 


b is leſs or greater than 7: and it A from hence and 
what is proved in art. 3. and. 4. that v, the angular velo- 
city (at the diſtance r from c) with which the momen- 
tary pole p will change its. place, will accordingly be = 


(e To find the poſition of this axis fee art. 1. by which the fine of the angle 


o ep (to the radius 7) is found = -, 


More- 


diameter of the equator of the ſpheroid, with the angu - 
lar velocity d, likewife meaſured at the diſtance r from 
that diameter. Upon receiving ſuch impulſe, the ſpheroid 
will take a new axis of motion, which will ” a momen- 
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Moreover, W to our obſervation in art. 8. let 


I (the value of v) as c to & u 4 
greater than e; or rd to — STA as c to 4 u being 
leſs than . whence, i in both caſes, we ſhall have the 


ſame expreſſion (5x5 2 4} for the value of ume; and. 


off 


1 —3* 


conſequently , in both caſes, will be = e + - g : 


Conceive now a ſpherical ſurface without matter, 
having the ſame center and radius as the equator DE, to 
be carried about with the revolving ſpheroid; and ſup- 
poſe a ſphere,. whoſe radius is 7, to revolve about an 
axis por with the angular velocity e, and, whilſt it is 
fo revolving, let an accelerative force (x). equal to 


td ff 4% . 
F or Y , according as 3 is leſs or greater 


En r, urge the pole p, and the ſucceſſive momentary 
poles as they become ſuch, to turn about a diameter of 


the contemporary mid-circle in the manner expreſſed in 


2 x . 
—340 T3 == 


* 
art. 6. # being to 9.23 84 n or as e + 


* 8 2.46 bP—_y* 
* 00. — 55 according as 5 is leſs, or greater 


than 7. a. will the motion of the ſurface of this 
ſphere be exactly the ſame as the motion of the ſaid 


9 ſurface carried about with the revolving 
ſpheroid 


, 142 
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ſpheroid after- receiving the impulſe of the percuſſive 
force Therefore, having reference to our conclu ſions in 
the . g articles, we, by ſubſtitution , nr obtain 
ſolution to our problem. 


By * properly - * = MTS or 2 X 7 = for r, we 


find, 


1 dr * +b* 


| . ern © N * | / 2 
41 +r* +BY X— 
8 
rxXcd+rer * | 2 1 
oo "z I 
d*EF2cdre +r e*- — 
* V 14433 * 


. 
ä and c , H 
Which equations, reſpect being had to the a in 


art. 8. and 9. indicate that, whether & be leſs or greater 
than 7, if an immoveable circle DL, whoſe radius is = 


21 


Vue , be conceived to be deſcribed in a Nn 
4* +77 +6] X—= | | 


inclined to the plane of the equator of the ſpheroid (be- 
fore the impulſe) in an angle whoſe ſine (to the radius 7) 


. d +6 
is =— x — =» ſo that the ſaid circle touch 


F V. +7 +bÞ KY 
the ſaid equator in the point p in the ſection o PDQE; 
the ſpheroid after the impulſe will ſo revolve, that its 
equator 


— 
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ener will always touch and roll along the ſaid im- 
moveable circle (DL), the velocity of the point. of on- 


tact (along that circle) being = 255, whilſt the ſpheroid 


turns about its proper axis (0Q) with the Primitive an- 
gular velocity Cy and the poles o and Q (by the faid 
rolling of the equator) deſcribe circles (whoſe radii are 


each = x op th 6-6 parallel to the faid circle: 
4 + +61" «5 FF 


DL, with the an gular velocity d (or their proper r velotiny 


— which we ſuppoſed given to them by the impulſe® 2 
Thus the motion of the ſpheroid conſequent to the j im- 


pulſe appears to be remarkably regular. 

And in the very ſame manner may be Tra Fo ihe 
motion of a cylinder, whoſe primitive motion about its 
proper axis may " be diſtugbed by ſome percuſſive force in 
like manner as we ſuppaſed the ſpheroid diſturbed; only 

(inſtead of the former ſubſtitution for 7) ſubſtituting for 
the accelerative force ariſing from the centrifu gal force 
of the particles of the revolving cylinder its Pro per value 


x ET (computed in our Appendix) and afterwards 


proceedin 8 as we have done with regard to the ſpheroid, | 
(4) Other ways of ſolving the problem are a0 o ſuggeſted * the preceding 

articles, 
de 


4 4 Bo 


* 
* 4 * 1 — 
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5 denoting half the letigth'of che cylinder, nd the 
radius of any ſection at right angles to its proper xls." - 


Secing that (<> $5552, the expreſſion for the ” 


accelerative force ref] pefting the cylinder vaniſhes ben b 


x 'Y 181175 


: 18 , it is manifeſt that the tbr 4 in that caſe. wil 


(with reſpect to its own particles) undiſturbedly: Tevolyg 
about any axis whatever paſfing through its center 


gravity, as will a ſphere. Which remarkable property « of 
that particular cylinder I believe has not before been 


taken notice of. 
There are, I am aware, bodies of other A 


the like — Lit; 
The preceding articles lead us to conſider the kin 
of the earth's Axis in a Hght, 1 preſume, more clear and 
ſatisfactor) than' any in which #t has before beer conſi 
dered; but I tuft, for want of Wſure, defer making che 
application till ſome future opportunity; only-obſerving 
here, that by what is done above it appears, that from 
the action of the Sun and Moon on the earth its axis has 
a diurnal motion, which I have no where ſeen explained. 

Which motion is not much unlike that of the axis of 

the revolving ſpheroid juſt now conſidered, when (2 5 


this laſt mentioned axis is many times longer than (27) 
4 the 


— 
— 


o 
— — -— ——_— ——— - _ 
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the equatorial diameter of the ſaid ſpheroid, and 7 very 
ſm all. 25 . . | 


1 


Shewing how the joint centrifugal force of the particles of 
a. ſpberoid or cylinder, having a rotatory motion about 
an yy momentary axis, 1s computed. 


1. FIG. g. Let p be a particle of matter firmly connected 
with the plane boxros, in which the line oc is ſituated; 
and pq being a perpendicular from 5 to the ſaid plane, 
let the diſtance pq be denoted by 2; alſo, the line gt 
being at right angles to o/, let the diſtance p/ be de- 
noted by 5. Then, the ſaid plane with the particle p 
being made to revolve about o/ c as an axis, with the 
angular velocity e meaſured at the — a from the 


ſaid axis, the velocity of p will be = 25 and its centri- 


fugal force from / will nh a well-known theorem) be = 
— the expretion-deing *© = p. Whence, 


422 


by reſolving that force into two others, one in the 
direction 9p, and the other in a direction parallel to 
49, it appears that the force urging p from the plane 


DOEFQs will be= x þ, let the diſtance /q be what it will. 
Vol. LXVII. + 2. The 
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The particle p being connected with the plane 
DOEFQs as mentioned in the preceding article, and the 
diſtance c/ being denoted by v; if Þ be urged directly 


from the ſaid plane by a force fu xp, the efficacy of that 
force to turn the ſaid plane about the line Hor, therein 


drawn at right angles to oCQ, will (by the property of the 


* 


lever) be equivalent to the force acting on the 


faid line ocd at right angles to the fa Plane at the dis 
tance & from the point c. 
Moreover it is obvious, that, ceteris puribus, the effi- 
cacy will be the ſame let the * * / be what 
it will. | | 
Fig. 10. Let q' coincide with J; and let c be a line 
in the plane c /p continued (which plane will be at right 
angles to the plane DoEFQs); alſo, p being at right an- 
gles to ck, let thoſe lines p and c be denoted by wand 
x reſpectively. Then the ſine and coſine of the angle 
co to the radius x, being reſpectively denoted by n and 


„ 


u, the force 2 will be =" x mn xw'— —X* rm. x un. 


nn if each particle of any ſolid body, through 
which a line nei and a plain DOEIFQGH may be conceived 
to paſs, be urged from that plane by a force expreſſed by 
u xp as above; the force which, acting on the line 
oct at the diſtance g from c, would be equivalent to the 


efficacy 


be Rotatory Motion of Baier. 291 | 
efficacy of all the forces acting on the ſeveral particles of 
that body to turn the ſame about the line nc! will 


be obtained | by computing the ſum of all the forces 


= „mn tm = x wx acting on the ſaid body. 
The computation of ſuch equivalent force will in moſt 
caſes he abridged by obſerving that, if p be continued to 


p ſo that þ be = #þ, the efficacy of the force on the par- 


ticle P- to turn the body about the line hei in oppoſition 
to the force on the particle 2 will be repreſented by 


tk... 


JX x r — n wr acting 1 


the equivalent force 


on the line oct at thy diſtance g from c; and that there- 


fore the efficacy of the two forces on þ and b. to turn the 

body about Hel, will be repreſented by the equivalent 

2f x þ | 
g 


force x Mx uA acting on the line oco, at right 


angles to the plane DOFIFQGH, at the diſtance g from c. 
3. Fig. 11, 12. If the body be a cylinder, a ſpheroid, - 
or the like, and its proper axis be ſituated in the line cx, 


the ordinates correſponding the abſciſæ Ip, & b. in the 
circular ſection Yi whoſe center is &, will each be paral- 
lel to that diameter paſſing throu gh e, about which the 
body will be urged to turn; and each of thoſe ordinates 
will be = VV, y being the radius of ſuch ſection. 

P p 2 Therefore, 
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Therefore, writing 2 Vy*—w# inſtead of p, it follows tha 


. mn * „, the whole fluent of Uh — 


mnνν x =, generated 2 (=kp=kp) from o becomes 
equal to the radius y (both æ and y being conſidered as 
invariable) will expreſs the value of the force which, 
acting on the line ocg at the diſtance g from c, would be 
equival ent to the force of all the particles in the ſaid ſec- 
tion, whoſe thickneſs is denoted by the indefinitely {mall 


quantity x; ; the diſtance c being denoted by x, and A 


being put for (.785 39) the area ru | H— of a circle 
whoſe radius is I. 


4: Fig. 1 I. In the n whoſe length is 25 and dia- 


1 


meter 27; y being = 7.2 —x*y* will be= Px A: con- 


. ſequently, the fluent of x- * K, generated whilſt x 


. „ 8 afr* 
from o becomes = 5, being — ; WE have —X MN 


M for the force which, actin g 


be # _ ſon = 


as above at the diſtance g from (c) the center of gravity 
of the cylinder, would be equivalent to the efficacy of the 
forces acting as above on all the particles of the cylinder 
to. turn it about a diameter pafling through c, M being 
the maſs or content of the cylinder. 

7 5. Fig. 


the Rotatory Motion of Bodies. 293 
5+ Fig. 12. In the ſpheroid whoſe proper axis is 25 


* 


and equatorial 0 diameter _ N 7 e — * ＋ 


4 


* ** 


my + - : conſequently, the 


y? CR rs 


Ip 
. > „ „ 2 
o becomes = 5, being a 6 3 46 db 555 


. Afr 5 


have — 77 x mur S * x s for the force 


which, acting at the diſtance g from c the center of the 
ſpheroid, . would be equivalent to the efficacy of che 
forces acting as above on all the particles of the ſpheroid - 
to turn it about a diameter of its equator, s being the maſs. 
or content of the ſpheroid. . 

Theſe equivalent f forces are diſtin guiſhed — the name 
of motive forces; the correſpondent accelerative. forces ; 
are computed i in the following articles. Save 

6. Fig. I 3. The body being a ſpheroid whoſe center 
is o, and whoſe proper axis PN is 25 and equatorial dia- 
meter AB g 27 let F be the accelerative force of a par-- 
ticle at the diſtance g from the axis about which the body 
is urged to turn, which axis is ſuppoſed to be a diameter 
of its equator. Denote C# by x; Ii by y; and let the 
abſcilſa ko and its correſ] pondent ordinate (parallel to the 


laſt mentioned ax1s) 1 in the circle whoſe radius is Ei be 
denoted 


— 89 7 pa ', generated whine from. 


aft 
fluent of:—— 275 


2 — — —_— * 
88 1 
os 


— 
— 
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denoted by rand 7 refpectively: . Then, conſideringethe 


vody as vrged to turn about that diameter of its equator 
Nene is at _ angles .to * the — of 


* 3 


every partic i in x the ſaid ordinate will be = 9 x . | 


— — 2 „ . 


&* 77 N 2 1 222 1 = >= | 
will be = X 1 42 . * Si 6 which 
9710 } 2¹¹ 14 BE Sw *N 4 | 
20 110 3 i] i 


2 ee . — center at right 2 to 
a ray therefrom would be equivalent. T herefore, conſi- 


dering x and y as invariable, and only as variable, 


22 


7 x the whole fluent of N * K will denote a 


force which, actin Fa at the diſtance 2 from c, would be 
equivalent to the motive force of all the particles 3 in the 


ſection bz whoſe radius is #1 and thickneſs x. Which 


2 


Auent js = = = Set DSP yr ED Far Con- 


—B — 


ſequently 5 777 A the whole fluent of * x ff — x* x 


7 


＋ 


X+— x b*—x* © will denote a motive force which, acting 


at the 1 g from c at right angles to a ray therefrom, 

would be equivalent to the whole motive force urging 

the ſpheroid to turn as above mentioned. Such equivalent 
force 


— — 
= e EI — — — ——— ̃ ³ 
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force will therefore be = fee s; 
un 


and this being put Se x7* 55 x $ (the value of the 
: Nuo L 4 " 4 


ame farce found: in art. $306 kad reges: 


which will be. = 125, _ OF be = Io. its | value. 


4 ! 


— 
* © V * — 
computed in art. S 
i 1 > . 


Or F will. be denoted vf = — «2 i if 1 hols e a8 n 


to d, and as 2 to c; and @ and g be each =7. 
7. Fig. 14. The body being a cylinder whoſe center 
of graxity is in c and whoſe proper axis N is 24 and 


diameter 27; the accelerative force (x) at the diſtance 


2 from e, will in like manner be found =£22* . ;; 


the cylinder bein 8 conſidered as urged to turn about: a 
diameter paſſing through a x; oh 
"WM xtet nd: cy and 4 and g be each = 7, F win. 
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XVI. Dirediions * 1 the 57 Compoſition * the 
Metals of reftefting Trele/copes ; together with a Deſcrip- 
tion of the Proceſs far grinding, poliſhing, and giving 
the great Speculum the true parabolic Curve. By Mr. 

John Mudge; communicated 'S — Aubert, 

1 | 


Read Feb, CIT the method of eme 
| 7A grinding, and poliſhing the 
ſpecula of reflecting teleſcopes, by Meff. MOLYNEUX and 
HADLEY, Which is publiſhed in Dr. S$MITH's Optics, is 
what the workmen have generally followed, and is 
conſequently well known to them; I ſhall in the follow- 
ing account.avaid a repetition of the general directions 
there given, and only remark upon ſuch parts of that 
proceſs which I think are eſſentially defective, and ſap- 
Ply them by a method of my own, which, from long 
and repeated trials, 1 have found completely to anſwer 
the purpoſe. After, therefore, referring to the above 
-account for the manner of making the gages, patterns, 
the method of caſting, as well as a great many other par- 
ticulars, I will begin with f 
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The beſt compoſition for the ſpecula of reflefting teleſcopes. 
The perfection of the metal of which the ſpeculum 
ſhould be made conſiſts in its hardneſs, whiteneſs, and 
compactneſs; for upon theſe properties the reflective 
powers and durability of the ſpeculum depend. And 
firſt of the hardneſs and whiteneſs of the metal. There 
are various compoſitions recommended in SMITH's Optics, 
all which have however their ſeveral defects. Three 
parts copper and one part and one-fourth of tin will 
make, he ſays, a very hard white metal; but it is liable 
to be porous. This, however, 1s an imperfection which 
I ſhall preſently ſhew the method of preventing ; but the 
permanent fault of it, and which I have myſelf expe- 
rienced, is, that it is not hard enough. The ſpeculum of 
a reflecting teleſcope ought to have the utmoſt poſſible 
hardneſs, compatible with its being operated upon by the 
tool. 1 
It is to be obſerved, that ever ſo ſmall a quantity of 
tin added to melted copper deſtroys its perfect malleabi- 
lity, and at the ſame time produces a metal whiter and 
harder than copper. As the quantity of tin is increaſed, 
ſuppoſe to a fifth or fourth part, the metal becomes 
whiter, ſtill harder, and conſequently more friable. If 
the quantity of tin be further increaſed to a third of the 
Vo L. LXVII. .Qq whoſe 
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whole compoſition, it will then have its utmoſt whiteneſs; 
but will be rendered at the ſame time ſo exceedingly 
hard and brittle, that the fineſt waſhed emery upon lead 
or braſs will not cut it without breaking up its ſurface; 
and the common blue ſtones uſed in grinding the-ſpe- 
culam, will not touch it. Mr. jacxs0N (ſome time ſince 
dead) a mathematical- inſtrument-maker, and a moſt ex- 
oellent workman, told me, that the tin was increaſed to 
the above proportion in his metals; but that they were 
0 exceedingly hard, that it coſt him an infinite deal of 
Pains, and a journey of two hundred miles, to find-out a 
ſtone of ſufficient hardneſs to cut it, and whoſe texture 
at the fame time was fine enough not to injure its ſurface. 
I have ſeen ſeveral of his finiſhed metals; they were in- 
deed perfectly hard and white; but the kind of ſtone with 
which he ground them he kept a ſecret. 

After many experiments with various proportions of 
tin and copper, by gradually increaſing the former, I at 
laſt found that fourteen ounces and an half of grain-tin 
to two pounds of good Swediſh copper, made a beautiful 
white and very hard metal; fo hard indeed; that the 
tones would but barely cut it, and waſhed emery on 
braſs or tin but juft grind the ſurface without breaking 
it up; whereas the proportion of tin being increaſed by the 
addition of -only another half ounce, the former incon- 
Venience 
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venience immediately took place. This thergforg.] is the 
maximum in point of hardneſs. | 
Thus much of the two firſt conſiderations, the hard- 
neſs and whiteneſs of the metal; the next, and indeed 


being without pores. 

This compoſition (though complete in the former 
reſpects) was, as well as Dr. $MITH's, ſubject every now 
and then to be porous; ſometimes, indeed, I ſucceeded in 
caſting a ſingle metal} or perhaps two or three, without 
this imperfeCtion ; at other times, and moſt frequently 
indeed, they were attended with this defect, without my 
being at all able to form a probable con ecture at the 
cauſe of my ſucceſs or diſappointment. The pores were ſo 
very ſmall that they were not diſcoverable when the metal 
had received a good face and figure upon the hones, nor 
till the laſt and higheſt poliſh had been given; and then 
it frequently appeared as if. duſted over with millions of 
microſcopic pores, which were exceedin gly prejudicial 
in two reſpects; for firſt, they became in time a lodg- 
ment for a moiſture which tarniſhed the ſurface; and 
ſecondly, on poliſhing the ſpeculum, the putty neceſſa- 
rily rounded off the edges of the pores, ſo as to ſpoil a 


great part of the-metal, by the loſs of as much light and 
292 ſarpneſs - 


the moſt eſſential, property is its compactneſs, or its 


* 
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ſharpneſs in the image as there were defective _ of 
reflection in the metal. 5 I” 
Beſides the trouble of a great number of experiments, 
in order to get rid of this miſchief, and to aſcertain the 
cauſe to which it was owing, there was this additional 
inconvenience attending it, vis. that the fault was not 
diſcovered, as was obſerved before, till a great deal of 
trouble had been taken in grinding and even poliſhin g 
the metal, the whole of which was rendered uſeleſs by 
the mortifying diſcovery of this defect. | 
I was extricated at laſt from this difficulty, and in Lande 
meaſure by accident. Having one day made a great num- 
ber of experiments, and having melted down all the good 
copper I had or could procure; though puzzled and fa- 
tigued, yet not caring to give it up, I recollected that l 
had ſome metal which was reſerved out of curioſity, 
and was a part of one the bells of St. Andrew's which 
had been re-caſt. Expecting, however, very little from 
this groſs and uncertain compoſition, I was nevertheleſs 
determined to ſee what could be made of it by enriching 
the compoſition with a little freſh tin. Accordingly 
caſting a metal with it, it turned out perfectly free from 
pores, and in every reſpect as fine a metal as ever I ſaw, 
I could not at firſt conceive to what this ſucceſs was 
owing; but at laſt I hit upon the real cauſe of that defect, 
5 | which 
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ble during a courſe of near a hundred experiments, and 


in conſequence thereof * upon a method which ever 


after prevented it. 
I had hitherto always melted the copper firſt, and 


when it was ſufficiently fuſed, I uſed to add the propor- 


tional quantity of tin; and as ſoon as the two were mixed, 
and the ſcoria taken off, the metal was poured into the 
moulds. I began to conſider that putty was calcined tin, 


copper neceſſarily undergoes before fuſion, was ſufficient 
to reduce part of the tin to this ſtate of calcination, which 
therefore might fly off from the compoſition in the form 
of putty, at the time the metal was poured into the flaſks. 
Upon this idea, after I had furniſhed myſelf with 
fome more Swediſh copper and grain-tin (both which I 
had always before uſed) I melted the copper, and having 


got: this was, as I expected, porous. I then melted it 


again, and as in this mixed ſtate it did not acquire half 


the heat which was before neceſſary to melt the copper 


alone, ſo it was not ſufficient to calcine the tin; the ſpe- 


culum was then perfectly cloſe, and free from this fault; 
nor did I ever after, in a fingle inſtance, meet with the 
above mentioned imperfection. 
All 


30 | 
which had given me ſo much embarraſſment and trou- 


and ſtrongly ſuſpected, that the exceſſive heat which the 


added the tin as uſual to it, caſt the whole into an in- 
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All that is neceſſary, therefore, to be done to procure 

a metal which ſhall be white, as hard as it can be 
wrought, and perfectly compact, is to melt two pounds 
of Swediſh copper, and when ſo melted, to add fourteen 
ounces and a half of grain-tin to it; then, having taken 
off the ſcoria, to caſt it into an ingot; This metal muſt be 
a ſecond time melted to caſt the ſpeculum; but as it will 
fuſe in this compound ſtate with a ſmall heat, and there- 
fore will not calcine the tin into putty, it ſhould be poured 
off as ſoon as it is melted, giving it no more heat than is ab- 
ſolutely neceſſary. It is to be obſerved, however, that the 
ame metal, by frequent melting, loſes ſomething of its 
" hardneſs and whiteneſs: when this is the caſe, it becomes 
neceflary to enrich the metal by the addition of a little 
tin, perhaps .in the proportion of half an ounce to a 
pound. And indeed when the metal is firſt made, if in- 
ſtead of adding the fourteen ounces and a half of tin to 
the two pounds of melted copper, about one ounce of 
the tin were to be reſerved and added to it in the ſucceed- 
ing melting, before it is caſt off into the moulds, the 
compoſition would be the more beautiful, and the grain 

of it much finer: this I know by experience to be the 
--. 

The beſt method for giving the melted metal a good 
{ſurface is this: the moment before it is poured off, throw 
into the crucible a ſpoonful of charcoal-duſt; imme- 
2 | diately 
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diately after which the metal muſt be ſtirred with a 
wooden ſpatula, and poured into the moulds. | 


detail; but as this buſinefs cauſed me a great deal of 
trouble, I was willing to give ſome account of the means 
by which I was freed from this difficulty ever after. 


Perhaps, indeed, the whole of this proceſs may be unne- 


ceflary, as many years ſince, I communicated this com- 
poſition, and I believe at the ſame time the method of 
preventing the pores, to the late Mr. PETER COLLISON, 
a member of the Royal Society; and likewife two or three 
years ſince, at the deſire of my brother, to Mr. MICHELL. 
Although it be poſſible, therefore, that this method is 


generally known, yet, as I have frequently of late ſeen 


ſpecula with this defect, and obſerved metals of ſome 
of Mr. sHoRT's teleſcopes which are not quite ſo per- 
fect as could be wiſhed (though they are all exqui- 
fitely figured) I was willing by this publication wholly 
to remove any future embarraſſment of this ſort, and 
to furniſh workmen with an excellent compoſition for 
their metals. And would the Royal Society be pleaſed 
to honour the proceſs with a place in their records, F 
know of no other method ſo proper to give this, as well 
as the following information, a general notoriety. 


The metal being caſt, there will be no occaſion for 


the complicated apparatus directed by Dr. sMiTHn, for 


grindin 2 


I u wiſh I may not be conſidered as tedious in the above 


- —— — * 
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grinding and poliſhing it. Four tools are all that are 
neceflary, vis. the rough grinder to work off the rough 
face of the metal; a braſs convex grinder, on which the 
metal is to receive its ſpherical figure; a bed of hones 
which is to perfect that figure, and to give the metal a 
fine ſmooth face; and a concave tool or bruiſer, with 
which both the braſs grinder, and the hones are to be 
formed. A poliſher may be conſidered as an addi- 
tional tool; but as the braſs grinder is uſed for this pur- 
poſe, and its pitchy ſurface is expeditiouſly, and without 
difficulty formed by the bruiſer, the 3 is there 
fore not enlarged. 


07 rough grinding the ſpeculum. 


The tool by which the rough ſurface of the metal is 
rendered ſmooth and fit forthe hones, is beſt made of lead, 
ſtiffened with about a fifth or ſixth part of tin. This tool 
ſhould be at leaſt a third more in diameter than the metal 
which is to be ground; and for one of any ſize, not leſs 
than an inch thick. It may be cemented upon a block 

of wood, in order to raiſe it higher from the bench. 
This leaden tool being caſt, it muſt be fixed inthelathe, 
and turned as true as it is poſſible, by the gage, to the 
figure of the intended ſpeculum, making a hole or pit in 
| the 


the ; idle, 22 a lodgment for the emery f about an inch 


diameter for a metal. of four inches: when this is done, 
deep grooves muſt be cut acroſs its ſurface with a. graver, 


in the manner repreſented in fig. 1. Theſe grooves 
will ſerve to lodge the emery, and by their means the 
tool will cut a great deal faſter. There is no occaſion 
to fear any alteration in the convexity" of this tool by 


working the metal upon it, for the emery will bed itſelf 
in the lead, and ſo far arm the furface of it, that it will 


preferve its figure-and cut the metal very faſt.. Any kind 
of low handle; fixed on the back of the metal with ſoft 
cement, will be fauthcient; but it ſhould cover two-thirds 
of its back to prevent its bending. This way of working 
will cut the metal faſter, and with more truth, than the 
method deſcribed by Dr. SMITH; for ſhould the ſur- 


face and rough parts be attem pted to be ground off by 


a common grind- ſtone by hand, though you did it as 
near the gage as pofſible, yet the metal would be fo 
much out of truth when applied to the ſucceeding tool, 
that no time would be ſaved by it. I uſed to employ 
a common labourer for this purpoſe, who ſoon acquired 
ſuch a dexterity at working upon this tool, that in two 
hours time he would give a metal of four inches dia- 
meter ſo good a face and figure as even to fit it for the 
hones. When all the ſand-holes and irregularities on the 
face of the metal are ground off, and the whole ſurface 
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is ſmooth and regularly figured, the ſpeculum is then 
ready for the braſs grinder, and muſt be laid aſide for the 


— 


The manner of forming the braſs-grinding tool. 


The following is the method I have always purſued, 
Procure a round ftout piece of Hamburgh braſs, at 
moſt a fixth part larger than the metal to be poliſhed; 
and let it be welt hammered into a degree of convexity 
(by the aſſiſtance of the gage) ſuitable to the intended 
ſpeculum. Having done this, ſcrape and clean the con- 
cave ſide ſo thoroughly that it may be well tinned all 
over; then caſt upon it, after it has been preſſed a proper 
depth into the ſand, the former compoſition of tin and 
lead, in ſuch quantity, that it may (for a ſpeculum 
of four inches diameter) be at leaft an inch and an half 
thick, and with a bafe confiderably broader than the top, 
in order that it may ſtand firmly upon the bench in the 
manner hereafter to be deſcribed. This being done, it 
muſt be fixed and turned in the lathe with great care, 
and of ſuch a convexity as exactly to ſuit the concave 
gage, which we ſuppoſe already made. It will be neceſ- 
{ary to be more careful in forming this than the former 
tool, and eſpecially that no rings be left from the turning; 

K nor 


4 
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nor will the ſucceeding hone tool require ſo much exact- 
neſs, as any defects in turning, will, by a method hereafter 
mentioned, be eaſily remedied; but any inequality or want 
of truth in the braſs tool will occaſion a great deal of trou- 
ble before it can be ground out by the emery. 'This tool 
muſt have a hole (ſomewhat leſs than that in the metal 
to be worked upon it) in the middle, quite through to 
the bottom. When this tool is finiſhed off in the lathe, 


its diameter ſhould be one-eighth wider than the metal. 


How to form the bed of Bones, or the third tool. 


Having choſen the kind of hones, and the beſt too, of 
the ſort recommended in sMiTH's Optics; they ſhould 
be cemented in ſmall pieces (in a kind of pavement 


agreeably to his directions) upon a thick round piece of 


marble, or metal made of lead and tin like the former 
compoſition (which is what I have always uſed) in ſuch 
a manner, that the lines between the ſtones may run 


ſtraight from one fide to the other; ſo that, placing the 


teeth of a fine ſaw in each of theſe diviſions, they may 
be cleared from one end to the other of the cement 
which riſes between the ſtones. This. bed of hones 


ſhould be at leaſt a fourth part larger than the metal | 
which is to be ground upon it. The ſurface of the © 
Rr2 metal 
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metal upon which the hone pavement is to be cemented 
may or may not, as you pleaſe, be turned of a convexity 
ſaitable to the gage, though I have never taken that 
trotible. As ſoon. as the hones are cemented down, and 
the joints cleared by the ſaw, this tool muſt be fixed in 
the lathe, and turned as exactly true to the gage as poſ- 
fible; which done, it muſt be laid aſide for the preſent. 
The next tool to be made is tho bruiſer. 


The manner of forming tbe bruijer, the fourth and 
| taft tool. © 


This tool ſhould be likewiſe made of thick ſtout braſs 
like the former, perfectly ſound, about a quarter of an 
inch thick, and hammered as near to the gage as poffi- 
ble. It ſhould be then ſcraped, cleaned, and' tinned on 
the convex fide, as the former tool was on the concave, 
and the fame thickneſs of lead and tin caſt upon it. The 
general ſhape of this ſhould differ from the former; for 
as that increaſed in diameter at the bottom for the ſake 
of ſtanding firmly, ſo this ſhould be only as broad at 
bottom as at top, as it is to be uſed occaſionally i in both 
thoſe poſitions. When this tool is fixed in the lathe, and 


turned off concave to the convex gage with great truth 
| likewiſe, 
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likewiſe, its diameter ought to be the middle ſize be- 
tween the hones and the poliſher. rid 9 
Having with-the lathe roughly formed the convex 
braſs grinder, the bed of hones, and the concave bruiſers, 
the convex and concave braſs tools and the metal muſt 
be wrought alternately and reciprocally upon each other 
with fine emery and water, ſo as to keep them as nearly 
to the ſame figure as poſſible, in order to which ſome 
waſhed emery muſt be procured. This is beſt done by 
putting it into a phial, which muſt be half filled with 
water and well ſhaken up, ſo that, as it ſubſides, the coarſeſt 
may fall to the bottom firſt, and the fineſt remain at the 
top: and whenever freſh emery is laid on the tools, the 
beſt method (which we ſhould alſo obſerve with the 
patty in poliſhing) will be, to ſhake gently the bottle, 
and "__ "Ou a ſmall quantity of the turbid mixture. 


of grinding the ſpeculum, tbe braſs. tool, and the TOO, 
together. 


All the tools being ready, upon a firm poſt in the 
middle of a room, you are to begin to grind the braſs con- 
vex tool with the bruiſer upon it, working the latter croſs- 
ways, with ſtrokes ſometimes acroſs its diameter, at others 
a little to the right and left, and always fo ſhort that the 

bruiſers 


jen change them, and, placing the bruiſer upon its bottom, 
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braifers may not paſs above half'an inch within the "= | 
face of the braſs tool either way, ſhifting the bruiſer 
round its axis every half dozen ſtrokes or thereabout. 
You muſt likewiſe, every now and then, ſhift your own 
poſition, by walking round, and working at different ſides 
of the braſs tool; at times the ſtrokes ſhould be carried 
round and round, but not much over the tool: in ſhort, 
they muſt be directed in ſuch a way, and the whole 
grinding conducted in ſuch a manner and with ſuch 
equability, that every part of both tools may wear 
- equally. This habit of grinding, as well as the future 
one of poliſhing, will be ſoon acquired. When you have 
wrought in this manner about a quarter of an hour with 
the bruiſer upon the tool, it will be then neceflary,to 


to work the convex tool upon that in the ſame manner. 
When by working in this equable manner, alternately 
with the bruiſer and tool, and occaſionally adding freſh 
emery, you have nearly got out all the veſtiges of the 
turning tool, and brought them both nearly to a figure, 
it will be then time to give the ſame form to the metal. 
This muſt be done by now and then grinding it upon 
the braſs tool with the ſame kind of emery, taking care 
however, by working the two former tools frequently 
together, to keep all three exactly in the ſame curve. 

The 
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The beſt kind of handle for the metal is made of lead, 
a little more than double its thickneſs, and ſomewhat 
leſs in diameter, of about three pounds weight, with a 
hole in the middle (for reaſons to be ſhewn hereafter) a 
little larger than that in the metal: this handle ſhould be 
cemented on with pitch. The upper edge of this weight 
muſt be rounded off, that the fingers may not be hurt; 
and a groove, about the bignefs of the little finger, be 
turned round juſt below it, for the more conveniently 
holding and taking the metal off the tools, 


The manner of figuring the metal upon tbe Boner. 


When the bruiſer, braſs tool, and metal, are a 
brought to the ſame figure, and have all a true good 


ſurface, the next part of the proceſs is to give a 


correct ſpherical figure and a fine face to the metal, 
upon the hones. It will be neceffary to premiſe, how- 
ever, that the hones ſhould be placed in a veſſel of water, 
with which they ſhould be quite covered for at leaſt an 
hour before they are uſed, otherwiſe they will be per- 
petually altering their figure when the metal comes to 
be ground upon them. The ſame precaution is alſo ne- 
ceſſary, if you are called off from the work while you are 


grinding. 
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grinding the metal, for if they be ſuffered to grow dry, 
the ſame inconvenience will ariſG. | 
In order to give a proper figure to the i a 
exactly ſuitable to that of the braſs tool, bruiſer, and me- 
tal, when the hones are fixed down to the block, ſome 
common flour emery (unwaſhed) with a good deal of 
water muſt be put upon them, and the bruiſer being 
placed upon the hones and rubbed thereon with a few 
* ſtrokes and a light hand, the inequalities of the ſtone will 
be quickly worn off; but as a great deal of mud will be 
ſuddenly generated, it muſt be waſhed off every quarter 
of a minute with a great deal of water. By a repetition 
.of this, two or three times, the hones (being of a very ſoft 
and friable ſubſtance) will be cut down to the figure, 
without wearing or altering the bruiſer at all. Though 
this buſineſs may be quickly done, and can be continued 
but for a few ſtrokes at a time, I need not ſay that it is 
neceſſary that thoſe ſtrokes be carried in the ſame direc- 
tion, and with the ſame care, which was obſerved in 
grinding the former tools together. 
As ſoon as the hones have received the general figure 
of the bruiter, and all the turning ſtrokes are worn out 
from them, the emery muſt be carefully waſhed off; in 
order to which, it will be neceſſary to clear it from the 
joints with a bruſh under a ſtream of water. The bruiſer 
2 | and 
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* metal muſt be like wiſe cleared in the ſame manner, 
and with equal care, from any lurkin g particles of emery. 

The hones being fixed down to the block, you now 
begin to work the bruiſer upon them with very Cautious, 
regular, ſhort ſtrokes, forward and - backward, to the 
right and left, turning the axis of the bruiſer-in the hand 
while you move round the hones, by ſhifting your poſi- 
tion, and walking round the block. Indeed the whole 
now depends upon a knack in working, which ſhould be 
conducted nearly in the following manner. Having 
placed the bruiſer on the centre of the hones, ſlide it in 
an equable x manner forward and backward, with-a ſtroke 
or two directly acroſs: the diameter, a little on one ſide, 
and ſo on the other; then ſhifting your poſition an eighth 
part round the block, and having turned the bruiſer 
in your hand about as much, give it a ſtroke or two 
round and round, but not far over the edges of the hones, 
and then repeat the croſs ſtrokes as before: thoſe round 
ſtrokes (which ought not to be above two or three at 
moſt) are given every time you ſhift your own poſition 
and that of the metals, previous to the croſs ones, in 
order to take out any ſtripes either in the hones or 
bruiſer, which may be ſuppoſed to be occaſioned, by the 
ſtraight croſs ſtrokes. During the time of working, no 
mud muſt be ſuffered to collect upon the hones, ſo as to 
Vol. LXVII. SC deſtroy 
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deſtroy the > perfett. contact between the two tools; and* 
therefore they muſt every now and then be waſhed clean 
by throwing ſome water upon them. When by work 
ing in this manner all the emery ſtrokes are ground off 
from the bruiſer, and it has acquired a good figure and: 
clean ſurface, you may then begin with the metal upon 
the hones, in the fame cautious manner, waſhing off the 
mud as faſt as it collects, though that will be much leſs - 
now than when the bruiſer was ground upon them. 
Every now and then, however, the bruiſer muſt be rub- 


bed gently and lightly upon the hones, which will as it: 


were, by ſharpening them and preventing too great 
ſmoothneſs, occaſion them to cut the metal much faſter. . 

When, after having ſome time cautiouſly wrought 1 im 
the manner before deſcribed, the hone-pavement has 
uniformly taken out all the emery ſtrokes, and given a 
fine face and true figure to the metal, which will be 
pretty well known by the great equality there is in the 
feel while you are working, and by which an expe-- 
rienced workman will form a pretty certain judgment; 
having proceeded thus far, I ſay, you may then try your 
metal, and judge of its figure by this more certain 


manner. 
Waſh the hone pavement quite a then put the 


metal upon the center of it, and give two or three light 
ſtrokes 
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ſtrokes round and round only, not carrying, however, the 
edges of the metal much over the hones; this will take out 
the order of ſtraight ſtrokes: then having again waſhed 
the hones, and placed the ſpeculum upon their center; 
with gentle preſſure, ſhde it towards you till its edge be 
brought a little over that of the hones, then carry it 
quite acroſs the diameter as far the other fide, and having 
given the metal a light ſtroke or two in this direction, 
take it off the tool. The metal being wiped quite dry, 
place it upon a table at a little diftance from a window; 
ſtand yourſelf as near the window, at ſome diſtance from 
the metal, and looking obliquely on its furface, turn it 
round its axis, and you will ſee at every half turn the 
grain given by the laſt croſs ftrokes flaſh upon your eye 
at once over the whole face of the metal. This is as cer- 
tain a proof of a true ſpherical figure as the operoſe and 
difficult method deſcribed in Dr. sm1TH's: Optics; for as 
there is nothing ſoft or elaſtic, either in the metal or in the 
hones, this glare is a certain proof of a perfect contact 
in every part of the two ſurfaces; which there could not 
be if the ſpheres were not both perfect and preciſely the 
ſame. | i 

Indeed there is one accidental circumſtance which ne- 
ceſſarily affords its aid in this and every buſineſs of the 
like ſort; and that is, that a concave and convex ſurface 
=O ground 
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| ground together, though ever ſo irregular at firſt, wilt 
(if the working be uniform and proper, conſiſting, eſpe- 
cially at laſt, of croſs ſtrokes in every. poffible direction 
acroſs the diameter) be formed into portions of true and 
equal ſpheres; had it not been for this lucky neceſſity, it 
would have been impoſſible to have produced that cor- 
rectneſs which is eſſential in the ſpeculum of a good re- 
flecting teleſcope by any mechanic contrivance what- 
ever. For when it is conſidered, that the errors in reflec- 
tion are four times as great as in refraction, and that the: 
leaſt defect in figure is magnified by the powers of the 
inſtrument, any thing ſhort of perfection in the figure 
of the ſpeculum would be evidently perceived by. a want: 
of diſtinctneſs in the performance. 

I muſt not; however, quit this article without: obſerv- 
ing, that I all along ſuppoſe, both in forming the tools 
and at laſt figuring the metal. (and indeed. the ſame muſt 
be obſerved in the future proceſs of poliſhing) that no- 
kind of preſſure is uſed that may endanger. the bending 
or irregularly grinding them; they ſhould therefore be 
held with a light hand, and loofely between the fingers, 
and the motion given ſhould be in a horizontal direction, 
with no more preffure than their own dead weight. 

Having now finiſhed the metal on the hones, and ren- 


dered it both in point of figure and ſurface fit for the 
laſt 
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Aft and moſt eſſential proceſs, wit; that of polifitig, 1 

will deſcribe it in the: beſt manner I can; though thiany' 
little circumſtances which will be unavoidably: omitted! 
(and which at the ſame time are frequently eMeritial 26) 
the ſucceſs of a mechanic proceſs) can _ be n 
by actual experienſſe e. 
The poliſhing the ſpeculum is eee ee | 
efſentiat part of the whole proceſs; | for | every! exper; 
rienced workman knows, to his vexation, that the moſt 
trifling error here will be ſufficient to ſpoil the figure of 
his metal; and render al} his preceding eaution uſeleſs. 1 
have, however, diſcovered a method which Iſhall explain, 
not only of giving the metal a parabolic figure, but alſo of 
recovering it when it happens to be injured; both to be 
effected in the act of poliſhing,” and the former as cer- 
tainly as the ſpherical figure is given upon the hones. 
Indeed, if we conſider rightly, poliſhing will be perceived 
to be but a kind of grinding with a finer order of ſtrokes, 
and with a powder infinitely. finer than was before uſed. 
in what is commonly called the grinding. But before I- 
deſcribe this method, which was the refult of many 
years experience, Iwill take the liberty of making ſome 
few ſtrictures. on that of Meſſ. yapLEY and MOLY-- 
NEUX,. which is followed by the generality of work — 
men. | 


Firſt: 
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- Firſt, then, the togl itſelf uſed by them far poliſh- 
ing-the metal, is formed with infinite difficulty. The 

firſt deſcribed poliſher is directed to be made by covering 
the tool with ſareenet, which is to be ſaturated with a 
ſobation, of pitch in ſpirit of wine, by ſucceſſive applica- 
tions of it with a bruſh, till it is covered, and by the eva- 
Poration of the ſpirit of wine filled with this extract of 
pitch the ſurfac is then to be worked down and finiſhed 
With the bruiſer. This is all very eaſy in imagination; 
but whoever has uſed this method (which I have myſelf 
unſuccefully ſeveral times) muſt have found:it attended 
with infinite labour, and at laſt the buſineſs done in a 
very unſatisfactory manner; for the pitch by this proceſs 
will be deprived of an eſſential part of its compoſition. 
The ſpirit of wine diſſolves none but the reſinous parts 
of its ſubſtance, which is hard and untractable; and if 
you uſe ſoap or ſpirit of wine to ſoften or diſſolve it, it 
will equally affect the whole ſur face, the lower as well as 
higher parts of it. And ſuppoſe that with infinite labour 
with the bruiſer, it is at laſt reduced to a fine uniform 
ſurface, it is nevertheleſs too hard ever to give a good 
poliſh with that luſtre which is always ſeen in Mr. 
'SHORT's, and indeed all other good metals. Nor will it 
give a good ſpherical figure; for a perfect ſphere is 
Formed, as I obſerved before, by that intimate accommo- 
; dation 
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dation ariſing from the wear and yielding of both t66T 
and metal; whereas in this method, there is fach a tbc 
bornneſs in the poliſher, that the figure of the metal; 
good or bad, muſt depend 8 truth of n 
which is very ſeldom perfect. 112 

- If the poliſher be made in the ſecond manner propo- 
ſed, by ſtraining the pitch through an outer coveririg}, 
which is-afterwards to be ſtripped off, the ſtperficies of 
pitch and farcenet is ſo very thin, that the putty, Work- 
ing into them, forms a ſurface hard and untrattable; 16 
that it is irnpoffible to gie the ſpeculum 4 fire Pont. 
Accordingly all thoſe netals v hieh are wrought that way 
have an order of Rratches infſtead' of poliſh; diſcovering; 
itſelf by a greyifhi-viſible farface: Befides, Tappoſing this: 


tool perfeaty finiſhed; and arifiverinig its pre ever (6) 
well, it is impofſiĩble it cat produce iti th fpecHl atiy 
other that a ſpherical figure; and idea flthing elſe 18 
expected from this method, as very evidently appeafd by 
the experiment recommended to aſtertaiti che truth of 
the figure. You! are dirtcted td place a fal Hinds 
obje& in the center of the ſphert of WHICh che eta“ 18. 
a ſegment, and then having adjuſted an eyelglaßs at cle“ 
diſtance of its own focal length from the object, and o 
ſituated that the image of the object forirſed by the {pew 
culum may be viſible to the eye, you are to judge of the* 
gh perfect 
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perfect figure of the metal by the ſharpneſs and dilunck- 
ness with which, the image appears. From hence it is 
very evident, that as the object and ĩmage are both diſtant 
from the metal by exactly its radius, nothing but a true 
ſpherical figure of the ſpeculum can produce a ſharp 
diſtin image; and that the image could.not be diſtinct 
if the, figure; of the em Were — Conſe- 
quently, if the 
to receive parallel rays, there wank neceflarity be a con- 
ſtderable aberration produced, and a, conſequent imper- 
fection in the image. Agcordingly,. there never was a 
me wleſrope onde nancy ane Ling if the amber 


great. metal. is a Fart, were as eee as it of to 
by or. great as 'Mr. SHORT allowed; in his metal, the 
el would. bear but a very lo charge, unleſs a 
great part of 1 the circumference of the metal were cut off 
by an aperture, and the ill effects of the aberration by 
that means in ſame meaſure prevented. * 

If ever a ſiniſhed metal turned out withont this defect, a 
and has been found perfectly ſharp and diſtinet, it muſt 
have been owing to an accidental parabohc tendency, no 
Ways the natural reſult of the proceſs, and therefore quite 
unexpected, and moſt probably unknown, to the work- 
man. 


Without 
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_ "Without erilarging; therefore; on the diffioulty of the 
above proceſs, and che impoſſibility of giving the ſpecu- 
' Jum the correctneſs and the kind of figure eſſentially 
' necefſary to a good teleſcope, Iwill deſcribe (by way of 
introduction to the ſueceeding directions) the ſteps by 
which I was led to a certain and eaſy method of giving a 
proper and correct parabolic figure to the metal, even 
though it eame off imperfect from the hones, and an ex- 
quiſite poliſh at the ſame time. 

Having made many efforts in the former method, 
which by no means pleaſed me for the reaſons above- men- 
tioned; and having obſerved, from ſome of Mr. SHORT's 
L teleſcopes which fell intomy hands, thatthe high luſtreof 
the poliſh could never have been produced in the manner 
above deſeribed, but by ſome ſofter and more tender ſub- 
ftance; and at the ſame time recollecting, that Sir Is AAc 
NEWTON had given an account in his Optics of his hav- 
ing finiſhed ſome metals, and conſiderably mended the 
object glaſs of a refractor, by working both -upon a tool 
whoſe ſurfaee had been covered with common pitch 
about the thickneſs of a groat; reflecting, I ſay, upon 
| theſe matters (coarſe and uncertain as this method ap- 
peared at firſt ſight) I was determined to try whether I 
eould not get rid of my embarraſſment, by a mode of 
operation ſome what fimilar. - Accordin gly, ſhortening 
Vol. LXVII. Tt Dr. 
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Dr. 'sm1TH's proceſs, I made a ſet of tools in the manner 
before deſcribed, except that I was obliged to make ſome 
ſubſequent alteration in the poliſher which I ſhall pre- 
ſently deſcribe. Having given a good ſpherical figure 
to the braſs tool and the bruiſer, and likewiſe to the 
metal upon the hones, and made the braſs convex tool ſo 
hot as juſt not to hurt the finger, I tied a lump of com- 
mon pitch (which ſhould be neither too hard nor too 
ſoft) in a rag, and holding it in a pair of tongs over a ſtill 
fire where there was no riſing duſt, till it was ready to 
ſtrain through the linen, I cauſed it to drop upon the 
ſeveral parts of the convex tool, till I ſuppoſed it would 
cover the whole ſurface about double the thickneſs of a 
ſhilling; then ſpreading the pitch as equally as I could, I 
ſuffered the poliſher (by which name I ſhall for the 
future call this tool) to grow quite cold. I then warmed 
the bruiſer ſo hot as almoſt to burn my fingers, and hav- 
ing fixed it to the bench with its face upwards, I ſad- 
_ denly placed the poliſher upon it, and quickly flid it off - 
by this means rendering the ſurface of the pitch more 
equal. The pitch is then to be wiped off from the bruiſer 
with a little tow; and by touching the ſurface with a 
tallow candle, and wiping it a ſecond time, it will be then 
perfectly clean and fit for a ſecond proceſs of the fame 
ſort, which muſt again be performed as quickly as poſſible; 
and 


if Metals tr reflecting Teleſcopes, — 32 3 
and this is ordinarily ſufficient to give a general figure to 
the ſurface of the pitch. The bruiſer and poliſher are 
then ſuffered to grow perfectly cold, when the pitch, 
conſidering what has been taken off, will be about the 
thickneſs of a ſhilling. 
It is however here neceſſary to obſerve, that the pitch 
ſhould be neither very hard and reſinous, nor tog ſoft; if 
the former, it will be ſo untractable as not to work 
kindly; and if too ſoft, it will in working alter its figure 
faſter than the metal, and too readily fit itſelf to the ir- 
regularity of its figure, if it have any, When both tools 
were perfectly cold, I gave the poliſher a gentle warmth, 
and then fixed the bruiſer to the block with its face up- 
wards; and (having with a large cameT's-hair bruſh 
ſpread over the face of the poliſher a little water and foap, 
to prevent ſticking). with ſhort, ſtraight, and round 
ſtrokes I worked it upon the bruiſer, every now and then 
adding a little more water and ſoap, till the pitch upon 
the poliſher had a fine ſurface, and the true form of the 
bruiſer; and this I continued to do till they both grew 
perfectly cold together: in this manner the poliſher was 
perfectly formed in about a quarter of an hour. But 
here a difficulty aroſe: when I begun to poliſh the metal, 
found that the edge of the hole in the metal collected 
the pitch towards the middle of the poliſner; and 

t 2 though 
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though in this method of workin g 1 could give an ex- 
Auiſite poliſh, as the putty lodged itſelf in the -pitch 
exceedingly well, yet the figure of the metal was injured 
in the middle, nor did indeed the work go on with that 
equability which is the inſeparable attendant on a good 
figure. In order to obviate this difficulty, I caſt ſome 
metals with a continued face, the holes not going quite 
through, within perhaps the thickneſs of a fix-pence. 
I finiſhed two or three metals' of this ſort, and the work 
promiſed and went on very well; but when came to open 
the holes, which I did with the utmoſt: caution, I found 
the metals ſhort of perfection; ; which Lattributed to an 
alteration of the figure from the removalof even that ſmafl 
portion of metal after the ſpeculum had been finiſhed. 
This 1 do fuppoſe was in ſome meaſure the reaſon why I 
ſpoiled a very diſtinct and perfect two-foot metal, which 
bore a charge of two hundred times, only by opening 
the ſharp part of the edge of the hole, becauſe I thought 
it bounded the field: ſo efſentially neceflary is an exqui- 

fite correctneſs of figure 3 in the een of a ee 

reflector. A 111 
This experiment not focceoding, inſtead of caſting the 
metal without a hole, I made one quite throu gh the 
middle of the poliſher, a little leſs than that in the fpe- 
culum. This perfectly anſwered the purpoſe; no more 
| incon- 
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inconvenience aroſe from the gathering of the pitch (ſor 
it had now no greater tendency to collect at the center 
than the ſides) and 1 finiſhed ſeveral metals fucceſſively, 
excellent both in point of figure and poliſh ; one of thoſe 
of two inches diameter and 7, 5 focal length, bore a charge 
of ſixty times and upwards, which when mounted ina 
teleſcope I gave to my: brother. This teleſcope underwent 
Mr. snokr's examination, who was pleaſed to remark 
only, that he thought he had made one more diſtinct. 

I muſt obſerve, that in this method of working the 
poliſhing: goes · on in an agreeable, uniform, and ſmooth 
manner; and that the ſmall degree of yielding in the 
pitch (which is actually not more than the wearing of 
the metal) produces that mutual _ accommodation of 
ſurfaces ſo neceſſary to a true figure. In the beginning 
of the poliſh; and indeed for ſome time during the pro- 
greſs of it (always remembering now and then to move 
the metal round its axis) I worked round and round, not 
far from and always equally diſtant from the center, ex- 
cept that every time, previous to the ſhifting the metal 
on its axis, I uſed a croſs ſtroke or two; and when the 
polith was nearly compleated, I moſtly uſed: croſs ſtrokes, 
giving a round ſtroke or two:likewile every time I turned 
the metal on its axis. I obſerved in this method of work- 
ing, that the metal always poliſhed faſteſt in the middle; 
inſomuch, 
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inſomuch, that half or two-thirds of it would be com- 
pletely poliſhed when the circumference of it was ſcarcely 
touched by the tool. Obſerving this in ſome of the firſt 
metals, and not conſidering that this way of poliſhing 
was in fact a ſpecies of grinding, and as perfect as that 
upon the hones, I went on reluctantly with the work, 
almoſt deſpairing of being able to produce a good 
figure, However, I always found myſelf agreeably 
deceived; for when the poliſh was extended to the 
edge, or within the tenth of an inch of it, 1 almoſt 
conſtantly found the figure good, and the performance 
of the metal very diſtinct. But this ſame circumſtance of 
apparent defect in the metals, was in fact that to which || & 
their perfection was owing; for they all, contrary tomy g 
expectation, turned out parabolic, However I did not 
for a great while know any certain way of giving that 
degree of parabolic tendency which was juft neceſſary, 
and which will be deſcribed hereafter. It was a long 
time before I got rid of my prejudice againſt this appa- 
rent imperfection in the proceſs, or could reconcile my- 
{elf to the irregular manner in which the poliſh pro- 
ceeded; for I looked upon it as a certain ſource of error, 
and notwithſtanding I ſaw it eventually ſucceed, yet 
whenever I chanced to find that a metal, when firſt ap- 
plied to the poliſher, took the poliſh equally all over, 
and 
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and conſequently the whole buſineſs did not take up 
above ten minutes; under thoſe circumftances, I ſay, I 
always uſed to pleaſe myſelf with the expectation of a 
correct figure, at Jeaſt as much ſo as the metal had re- 
ceived from the hones, where the ſurface was but juſt 
and equally taken off by the putty; but in this I con- 
ſtantly found myſelf deceived, and the metal turned out 
good for nothing. In ſhort, at this time, though I ſpe- 
culatively knew that a parabolic figure was neceſſary to 
a perfect image, I yet conſidered it as of little practical 
conſequence. 
From the foregoing experiments, and a number of 
facceeding trials, I at length diſcovered a certain way of 
giving a correct parabolic figure, and an exquiſite poliſh 
at the ſame time. This, which I have ftrong reaſons to. 
believe was Mr. snorT's method, I will now deſcribe in. 
as few words as I An. 
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| 8 
How to poliſh the ſpeculum. 


It is firſt neceſſary to obſerve; that, in order to avoid: 
the detrimental intruſions. of any particles of emery, it 
would not. be right to-poliſh in the ſame room where the 
metal and tools were ground, nor in the ſame cloaths. 
which were worn in the former proceſs ; at leaſt it would 

L be 
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de neceſſary to keep: the bench quite; wet; to prevent ene 
Nuſt from riſin g. 

Having then: made the polithes: by: coating the braſs 
- Convex tool equally with pitch, which we ſuppoſe 
ſmoothed and finiſlicd. with the braſs tool in the manner 
Pefore deſcribed, and which is aa very eaſy proceſs, the 
whole operation is begun and finiſhed. in the following 
manner. pol 

The leaden weight or handle upon the back of the 
metal ſhowld be divided into eight parts, by ſo many deep || br 
ſtrokes of a graver upon the upper ſurface of the lead, P 
Marking each ſtroke with the numbers I, 2, 3, 4, and fo 
on, that the turns of the metal in the hand may be 
known to be unitorm and regular. 

To prevent. any miſchief from coarſe particles” of | ® 
putty, I al ways waſh.it immediately before uſing. In order 
to this, put about half an ounce of putty into an ounce 
phial, and fill it two-thirds with water; then having 
ſaken the whole, let the putty ſubſide, and ſtop the 
; bottle with a cork. 

In a tea-cup-with. a little water, there ſhould be a full- 
ſized camel s-hair bruſh, and a piece of dry clean ſoap in 
a galley- pot: a ſoft piece of ſpunge will alſo be neceſſary. 
Theſe, as well as the metal bruiſer and poliſher, ſhould 
e conſtantly covered from duſt. 
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The poliſher being fixed down, and the camebs-hair 
bruſh; being firſt wetted and rubbed a little over the foap, 
let every part of the tool be bruſhed over therewith.; 
then work the bruiſer with ſhort, ſtraight, and round 
ſtrokes, , light] y upon the tool, and continue to do ſo, 
now and then turning it, till the poliſher have a good face, 
and be fit for the al. Then having ſhaken upthe putty 

in the phial, and touched the poliſher in five or fix places 
, | with the cork wetted with that and the water, place the | 
bruiſer upon the tool, and give a few ſtrokes upon the 
putty to rub down any gritty particles; after which, 
having retnoved it, work the metal lightly upon the po- 
liſher round and round, carrying the edges of the ſpecu- 
lum, however, not quite half an inch over the edge of 
the tool, and now and then with a croſs ſtroke. _ 

The firſt putty, and indeed all the ſucceeding appli- 
cations of it, ſhould be wrought with a conſiderable 
while; for if time be not given for the putty to bed it- 
ſelf in the pitch, and any quantity of it lie looſe upon the 
poliſher, it will accumulate into knobs, which will in- 
jure the figure of the metal : and therefore as often as ever 
ſuch knobs ariſe, they muſt be carefully ſcraped off with 
the point of a penknife, and the looſe {tuff taken away 
with the bruſh. After the putty is well wrought into the 
pitch, ſome more may be added in the ſame manner, but 

VoL. LXVIL Uu never 
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never much at a time, and always remembering to work 
upon it firſt with the bruiſer, for fear any gritty particles 
may find their way upon the poliſher. If the bruiſer be 
apt to ſtick, and do not ſlide ſmoothly upon the pitch, the 
ſurface of either tool may be occafionally - bruſhed over 
with the ſoap and water, bug it muſt'be remembered that 
_ the wet bruſh muſt be but lightly rabbed upon the ſoap. 
In the beginning of this proceſs little effect is pro- 
duced, and the metal does not ſeem to-poliſh faſt, in ſome 
meaſure owing to its taking the poliſh in the middle, and 
perhaps becauſe neither that nor the bruiſer-move evenly 
upon the poliſher : but a little perſeverance will bring the 
whole into a good temper of working; and, when the 
pitch is well defended by the-coating of the putty, the 
proceſs will advance apace, and the former acquiring poſ- 
ſibly ſome little warmth, the metal moves more agreea- 
bly over it, with an uniform and regular friction. All this. 
while the metal muſt have no more preſſure than that 
which it derives from its own weight and that of the 
handle; and the polifher muſt never be ſuffered'to grow 
dry, but, as often as it has any tendency to do ſo, the edges 
of it muſt be moiſtened with the hair-pencil; and now 
and then, even when freſh putty is not laid on, the ſur- 


face of the poliſher ſhould be touched with the brum to 
keep it moiſt. | 


4 


When 
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When the poliſh of the metal nearly reaches the 
edge (for it always, as I ſaid before, begins in the mid- 
dle) you muſt alter your method of working; for now 
the round ſtrokes muſt be gradually altered for the 
ſhort. and ſtraight ones. Suppoſing then you are juſt 
beginning to alter them; aftgr/having put on freſh putty, 
and gently rubbed it with-fwo or three ſtrokes of the 
bruiſer, you place the metal on the tool, and after a ſtroke 
or two round and round, give it a few forward and back-- 
ward, and from fide to fide, but with the edges very little 
over the tool; then having turned the metal one-eighth 
round in your hand, and having moved yourſelf as much 
roundthe block (which muſt be remembered throughout 
the whole proceſs) you go on again with a ſtroke or two 
round, to lead you only to the croſs ſtrokes, which are 
now to be principally uſed, and with more boldneſs. 
After this has been done ſome tie, the metal will begin 
to move ſtiffly as the friction now increaſes, and the ſpe-! 
culum poliſhes very beautifully and faſt; and the whole 
ſurface of the poliſhing tool will be equally covered over 
with a fine metallic bronze. The tool even now muſt 
Not be ſuffered to become dry; a fingle round ſtroke in 
each of your ſtations and turnings of the metal will 
be ſufficient; and the reſt muſt all be croſs ones, for- we 
are n a circular figure. You muſt now be very 
Uu 2 diligent, 
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diligent, for the poliſher drying, and the friction in- 
creaſing very faſt, the buſineſs of the ſpherical figure is 
nearly at an end. As the metal wears much, its furface 
muſt be now and then cleaned, with a piece of ſhnammy 
leather, from the black ſtuff which collecłs upon it; and 
the polifher likewiſe from the ſame matter, with. a ſoft. 
piece of · wet ſponge. You will now be able to judge of: 
the perfect ſpherical figure of the metal and tool, whem 
there is a perfect correſpondence between the ſurfaces, 
by the fine equable feel there is in working, which is 
totally free from all jerks and inequalities. Having pro- 
ceeded thus far, you may put the laſt finiſhing to this 
figure of the metal by beld croſs ſtrokes; only three or 
four in the directions of each of: the eight diameters; 
turning the metal at the ſame time: this muſt be done 
quickly, for it ought, in this part of the proceſs particu- 
larly, to be remembered, that, if you permit the tool to 
grow. quite dry, you. will never be able, with all. your: 
force, to ſeparate that and the metal, without — 
the poliſher.by heat. 
The metal has now a beautiful poliſh- and a true 
ſpherical figure, but will by no means make a ſharp diſ- 
tinct image in the teleſcope: for the ſpeculum (if it be 
tried in the manner hereafter recommended) will not be 
found to make parallel rays converge without great 


aberration; 


388 
aberration; indeed the deviation will be ſo great, as to be 
very ſenſibly perceived by a great indiſtinctneſs in the 
image. ent . th 7 2 od. San | — 
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How to give the parabolic figure. zo the metal. 


In order then to give the fpeculum the laſt and finiſh- 
ing figure, which is done by a few ſtrokes, it muſt be 
particularly-remarked, that by working the metal round 
and round, the ſphere of the poliſher by this means 
growing leſs, it wears faſteſt in the middle: and as x 
ſegment- of a ſphere may become parabolic, by open 
ing the extremes gradually from within outwards, ſo 
it may be equally well done by increaſing the curva- 
ture in the middle, in a certain ratio, from without in- 
ort 1 h fool 5 31 09 7 10107 
' Suppoſing then the metal to be now truly ſpherical; 
ftop the hole in the poliſher, by forcing a cork into it 
underneath, about an inch, ſo that it do not reach quite 
to the ſurface; and having waſhed off any mud that may 
be on the ſurface: of the tool with a wet ſoft piece of 
fponge, whilſt the ſurface of it is a little moiſt, place the: 
center of the metal upon the middle of thie poliſher;: 
then having, with the wet bruſh, lodged as much water 
und the edge of the metal as the projecting edge will- 

hold, 
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bold, fill the hole of the metal anck its handle with water, 
to prevent the Evaporatian of the moiſture, and the con- 
ſequent adheſion between the ſpeculum and poliſher, and 
let the whole reſt in this ſtate two or three hours: this 

will produce an intimate contact between the two, and 
by parting, with any degree of warmth they may have 


acquired by the vicinity of the e, — will grow 
Perfectly cold wgether. - 
By this time yau e 
lfher, to diſcharge the water, and — Tt 
rabolic figure in the-follawing manner. 
- Move the metal, gently and flowly at firſt, a very little 
round the centre of he poliſher (indeed / after this reſt i it 
vill move ſtiffly) then increaſing, by degrees the dia- 
meter of theſe ſtrokes, and turning the metal frequently 
round its axis, give it a larger circular motion, and 
this without any . preſſure but its own weight, and 

holding it looſely between the fingers: this manner 

f working may ſafely be continued about two mi- 
nutes, moving yourſelf as ufual round the block, 
and carrying the round ſtrokes in their increaſed 
and largeſt ſtate, not more than will move the edge 
af the metal half an inch or five-eighths over the tool. 
The ſpeculum muſt not all this while be taken off from 
the poliſher; and conſequently no freſh patty can be 
added, 


N 
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aded. It will not berſafe to cortinue chi motion longer 
than the time above- mentioned; for if the parahohe ten. 
dency be carried the leaſt too far, it will be impoffible to 
recover atrue figure of that kind but by going through the 
whole proceſs for the ſpherical one in the manner before 
deſcribed, by the croſs ſtrokes upOfI the peliſher; Which 
takes a great deal of time. However, when there is oc 
fion, it may be done; and f have myſelf ſeveral times 
recovered the circular figure, when I had inadvertently 
gone too far with the parabolie; and ultimately finiſned 
the metal on the opus Without the 1 the Holes 


A — F\ 
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To try the true IF of the metal. 5 


It will now be proper to rg che figure of we Nerv 3 
Jum, and that is always: beft done by Placing it itt the 

teleſcope it is intended for. In order to this, I ufe the ina 
ſtrument as a kind of microſcope; placing the object, 
however, at ſuch a diſtance that the rays may be nearly 

parallel. At about twenty yards a watch · paper, or ſortte 
ſuch object, on which' there are ſome very fine” Hair 


ſtrokes of a graver, is fixed 1 up. The lead muſt he then 
takerr off from the back of the Fpectitum; which is beſt 
done by placing the edge of a knife at the junction of 
the lead and metal, when, by ſtriking the back of it with a 

flight. 


e mee eee neee | 
flight blow, tha, pitch immediately ſeparates, and the 


handle drops off; the) remaining pitch may be ſcraped 


of Mth a knife taking care that none of -the duſt ſick 
_ toithe poliſhed face of the metal. | 
Having placed the ſpeculum in the cell of, the din 
and directed the inſtrument to the object, make an annu- 
lar kind of diaphragm with cardrpaper, ſo as to cover a 
circular portion of the middle part. of the metal between 
the hole and the circumference, equal in breadth to about 
an eighth part of the diameter of the ſpeculum: this 
paper ring ſhould be fixed in the mouth of the teleſcope, 
and remain ſo during the whole experiment, for the part 
of the metal covered by it is e to be N. and 
therefore unemployed. 2 
There muſt likewiſe be two other circular pieces of 
| card- Paper cut out, of ſuch ſizes, that one may cover the 
center of the metal by completely filling the hole in the 
laſt deſcribed annular piece; and the other, ſuch a round 
piece as ſhall exactly fit into the tube, and ſo broad as 
that the 1 inner edge may juſt touch the outward circums 
ference of the middle annular piece. It would be con- 
venient to have theſe two laſt pieces ſo fixed to an axis 
that they may be put in their places, or removed 
From thence ſo eafily as not to diſplace or ſhake the 
13 | inſtrument. 
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inſtrument. All theſe pieces therefore together wilt 
completely ſhut up the mouth of the teleſcope. . 
Let the round piece which covers the center of the 
meta}, or that which has no hole in it, be removed; and, 
by a nice adjuſtment of the ſcrew, let the image (which 
is now formed by the center af the mirror) be made: 
as ſharp and diſtinct as poſſible. This being done, 
every thing elſe remaining at reſt, replace the central 
piece, and remove the outſide annular one, by which 
means the circumference only of the ſpeculum will be 
expoſed, and the image now formed will be from the 
rays, reflected from the outſide of the metal. If there be 
no occaſion to move the ſcrew and little metal, and the 
two images formed by theſe two portions of the metal 
be perfectly ſharp and equally diſtin, the ſpeculum is. 
perfect, and of the true parabolic curve; or at leaſt the 
errors of the great and little ſpeculum, if there be any, 
are corrected by each other. | | 
If, on the contrary, under the laft eircumftance, the 
image from the outſide of the metal ſhould not be diſ- 
tinct, and it ſhould become neceſſary, in order to make it 
_ Oo, that the little ſpeculum be brought nearer, it is plain 
that the metal is not yet brought to the parabolic figure; 
but if, on the other hand, in order to procure diſtinctneſs, 
you beobliged to move the little ſpeculum farther off, then. 
the figure of the great ſpeculum has been carried beyond 
V ai. LXVII. X x the: 
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the parabolic, and hath affamed an hyperbolic form. 
When the latter is the caſe, the circular figure of the 
metal muſt be recovered (after having fixed on the han- 
dle with ſoft pitch) by bold croſs ſtrokes upon the po— 
liſher, finiſhing it again in the manner above deſcribed. 
If the ſpeculum be not yet brought to the parabolic form, 
it muſt cautiouſly have a few more round ftrokes upon 
the poliſher; indeed a very few of them in the manner be- 
fore deſcribed make in effect a greater difference in the 
ſpeculum than would be at firſt imagined. If a metal of 
a true ſpherical figure were to be tried in the above men 
tioned manner in the teleſcope (which I have frequently 
done) the difference of the foct of the two ſegments of 
the metal would be fo conſiderable, as to require two or: 
three turns of the ſcrew to adjuſt them; ſo very great is 
the aberration of a ſpherical figure of the ſpeculum, and ſo 
improper to procure that ſharpneſs and „ ſo ne 
ceſſary to a good reflecting teleſcope. 

This is by no means the caſe with the object glaſſes of 
refractors; for beſides that they are in fact never fo diſ- 
tinct as. well-finiſhed reflectors, the apertures of them 


are ſo exceedingly ſmall, compared to the latter, and the 
number of degrees employed fo very ſmall, that the in- 
convenience of a ſpherical figure is not fo much per- 
ceived, Accordingly we obſerve in the generality of 
3 | reflectors 


I leſs the defect be remedied by a conſiderable aperture, 
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ſpherical) that the only true rays which form the diſ- 
tinct image ariſe from the middle of the metal: and un- 


which deſtroys much light, the falſe reflection from the 
inſide of the metal produces a greyiſh kind of hazineſs, 


which is never ſeen in Mr. snhokr's or indeed in any 


good teleſcopes. | | 
Suppoſing that the two foci of -thediflerent partsof the 


metal perfectly coincide, and that, by the union of them 
when the apertures are removed, the teleſcope ſhews 
the objects very ſharp and diſtin, you are not however 
even then to conclude that the inſtrument is not capable of 
farther improvement; for you will perceive a ſenſible 
difference in the ſharpneſs of the image, under different 


poſitions of the great ſpeculum with reſpect to the little 
one, by turning round the great metal in its cell, and 
oppoſing different parts of it to different parts of the little 


metal, correcting by this means the error of one by the 
other. This attempt ſhould be perſevered in for ſome 
time, turning round the great ſpeculum about one-Hix- 
teenth at a time, and carefully obſerving the moſt diſtinct 
ſituation each time the eye-piece is ſcrewed on : when, 


by trying and turning the great metal all round, the 


diſtincteſt poſition is diſcovered, the upper part of the 
X X 2 metal 


reflectors (whoſe ſpecula, unleſs by accident, are always 
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metal ſhould be marked with a black ſtroke, in order 
chat it may always be lodged in the cell in the ſame poſi- 
tion. This is the method Mr. sHorT always uſed; and the 
caution is of ſo much conſequence, that he thought it 
neceflary to mention it very . particularly in his printed 
directions for the uſe of the inſtrument. 

And farther, Mr. short frequently corrected the 
errors of the great by the little metal in another way. H 
the great ſpeculum did not anſwer quite well in-the tele- 
ſcope, he cured that defect ſometimes by trying the effect 
of ſeveral metals ſucceſſively, by this means correcting 
the errors of one by the other; for in ſeveral of his tele- 
ſcopes which have paſſed through my hands, when 
the ſizes and powers have been the ſame, I have found 
that the great metals, though very diſtinct in their pro- 
per teleſcopes, yet have, when taken out and changed 
from one to the other, ſpoiled both teleſcopes, render- 
ing them exceedingly indiſtinct, which could ariſe from 
no other circumſtance. For :this reaſon I ſuppoſe it 
was, that he kept, ready finiſhed, a great many large 
metals of the ſame focal length, ſo that, when he wanted 
to mount a teleſcope, he might from a great choice, 
be able to combine thoſe metals which ſuited each 
other beſt. I am ſtrongly inclined to believe this was the 
Caſe, not only from the above obſervation, but becauſe 
he 
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He ſhewed me himſelf a box of finiſhed metals, in wich 
I am ſure there were a dozen and a half of the ſame focal 
length. | 

To return: a little uſe in n will make the whole 
of the proceſs of grinding and poliſhing very eaſy and 
certain; for though I have endeavoured to be as particu- 
lar as I can (I am almoſt afraid too much ſo). it is yet 
ſcarcely poſlible to ſupply a want of dexterity, ariſing - 
from habit only, by the moſt laboured and minute de- 
{cription. And though the above account may appear 
irk ſome to the reader, as it hes cold before the eye, I am 
very fure, whoever attempts to make the inſtrument, 
will not complain of it as tediouſly particular. 
I Will, however, farther remark, that when the metal 
begins to move ſtiffly upon the polither, and particularly 
when the figure is almoſt brought to the parabolic form, 
it will be neceſſary to fix the elbows againſt the ſides, in 
order to give momentum and equability to the motion 
of the hand by that of the whole body. 

The ſame poliſher will ſerve for ſeveral metals, if it 
be ſome what warmed when you begin to uſe it. 


There is another circumſtance, and a material one 
too, which muſt not be omitted; it is this. For the very 
ſame reaſon that the pitch ſhould not be too hard or ſoft, 
the work will not proceed well in the heat of ſummer, 
or 
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or the cold of winter: in the latter, it may be poſſible to 


kremedy the defect by having the room warmed with a 


Move; and in the ſummer, the other inconvenience may 
perhaps be avoided by uſing a harder kind of pitch; but I 
much doubt in either caſe whether the work will go on 
ſo kindly: I have myſelf always wrought in ſpring and 
autumn. . | 
The proceſs of poliſhing, and indeed grinding upon 
the hones, will not go on ſo well if it be not continued 
uninterruptedly from beginning to end; for if the work 
of either kind be left but for a quarter of an hour, and 
you then return to it again, it will be ſome time before 
the tool and metal can get into a kindly way of working ; 
and till they do, you are hurting what was done before. 
I have all along ſuppoſed that the metal we have been 
working was about four inches diameter: if it be either 
larger or ſmaller, the ſizes of the hones, bruiſer, and po- 
liſher, muſt be proportionably different. I never find any 
ill conſequence ariſing from the different expanſion from 
heat and cold in any of the tools, though they be made of 
different metals and ſubſtances, unleſs the inconvenience, 
-occaſioned by the interruption before hinted at, be thought 
to reſult from thence; for the alteration produced in the 
ſurface of the ſpeculum, both by grinding and poliſhing, 


is ſo much quicker than any that can be ſuppoſed to ariſe 
from 
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from the former cauſe, that it is never attended n . 
practical conſequence. 

Magnifying very minute objects, and — — | 
ing at a diſtance, have been generally conſidered as the 
fureſt teſts of the goodneſs of a teleſcope; and indeed 
when the page is placed at a great diſtance, fo that the let- 
ters ſubtend but a very ſmall angle at the eye, if then they 
appear with great preciſion and ſharpneſs, it is moſt pro- 
bable-that the inſtrument is a good. one. But we are, ne- 
vertheleſs, ſometimes apt to be deceived by this method; 

nor is it always poſſible to determine upon the different 

merits of two inſtruments of equal power, by this mode 
of examination; for when the letters are removed to the 
utmoſt extent of the powers of the two inftruments, the 
eye is apt to be prejudiced. by the imagination. If two or 
three words can be here and there made out, all the reſt 
are gueſſed at by the ſenſe; inſomuch that an obſerver, . 
zealous for the honour of his inſtrument, is very apt to 
deceive himſelf in ſpite of his intentions. The ſurer teſt is 
by figures, where you can procure no aid from this fort 
of deception. In order to examine my reflecting tele- 
fcopes, I made upon a piece of copper and on a black 
ground, fix lines conſiſting of about twelve pieces of gold 
figures, and each line of figures differing in magnitude, 
from the ſmalleſt that could be diſtinctly made to thoſe- 
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of about two-tenths. of an inch long; moreover, the: 


figures in the ſeveral lines were differently diſpoſed, and: 


the fam of each line alſo differed. It is evident that by this 


method all gueſsis precluded; and that of two inſtruments, 


of the ſame powers, that which can make out the leaſt 
order of figures, which will be known by the ſum, is the 
beſt teleſcape. Such a plate I cauſed to be fixed up for 
experiments againſt the top of a ſteeple, about three hun- 
dred yards North of my houſe; and it will ſerve to give 
ſome idea of the diſtinctneſs with which very ſmall figures 


could be made out at that diſtance, by ſaying, that in a 


clear ſtate of the air, and with the Sun behind me, with: 
a teleſcope of eighteen inches focal length, which Count 
BRUHL did me the honour to accept and now has in his, 
poſſeſſion, I have ſeen the legs of a ſmall fly, and. the 
ſhadows of them, with great preciſion and exactneſs.. 

I cannot conchade without indulging myſelf in an ob- 
ſervation. on the amazing ſagacity of Sir is AA NEWTON. 
in every ſubject upon which he thought fit to employ 
his attention. It was he who firſt propofed,. and indeed 
practiſed, the poliſhing. with pitch; a ſubſtance which at 


firſt ſight perhaps every one but himſelf would have. | 


thought very improper, from its ſoftneſs, to produce that 
correctneſs of figure ſo neceflary upon theſe occaſions; 
and yet I do beheve, that it is the only ſubſtance in nature 

2 | that 


3 
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that is perfectly well calculated for the purpole; ; for at 


the fame time that it is ſoft enough to ſuffer the putty to 


lodge very freely on its ſurface, and for that reaſon to 
give a moſt tender and delicate poliſh ; it is likewiſe 
totally inelaſtic, and therefore never, from that princi- 
ple, ſuffers any alteration in the figure you give it. Tf 


proper credit to, or had fimply followed the hint Sir 


ISAAC gave, it would have ſaved them infinite trouble, g 


and they would have produced much better inſtruments; 
but the pretended reſinement, of drawing a tincture 
from pitch with ſpirits of wine, affords you only the re- 
finous, hard, and untractable part of the Pitch, diveſted 
of all that part of its original ſubſtance which is neceflary 
to give it that — pliability : in which its 
excellence conſiſts. 
It is needleſs to ſwell this account with a detail of the 
proceſs for poliſhing the little ſpeculum, as it muſt be 
conducted in the fame manner which has been already 
deſcribed in that of the large one; only obſerving, that 
as the little metal has an utiinterrupted face, without a 
hole, ſo there is no occaſion for one in tlie poliſher; and 
likewiſe that, as a ſpherical figure is all that need here be 
practically attempted, ſo the difficulty in finiſhing is infi- 
nitely ſhort of that of the other. 
Vol. LXVII. 


the firſt makers of the inſtrument, therefore, had given 
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Uttle ſpeculum a piece of braſs, as a fixture for the ſcrew 
to adjuſt 1 its axis, I ſhall juſt hint a ſafe and neat method 
of doing it, which may be very uſeful to the optical or 
mathematical infirument-maker. upon other occaſions. 
Having cleaned the parts to be ſoldered very well, cut out 
a piece of tin- foil the exact ſize of them; then dip a fea- 
ther i into a pretty ſtron g ſolution of /al ammoniac.in wa- 
ter, and rub it over the ſurfaces to be ſoldered; after 
which place the tin-foil between them as f aſt as you can 
(for the air will quickly corrode their ſurfaces ſo as to 
prevent the ſolder takin 80 and give the whole Aa gradual 
and ſafficient heat to melt the tin. If the joints to be 
ſoldered have been made very flat, they will not be 


thicker than a hair: though the ſurfaces be. ever. ſo ex- 


tenſive, the ſoldering may be conducted in the fame man- 
ner, only that care muſt be taken, by general preſſure, to 
keep them cloſe together. In this manner, for inſtance, 
a ſilver graduated plate may be ſoldered on to the braſs 
Iimb of a quadrant, ſo as not to be diſcernable by any 
thing but the different colour of the metals. This me- 
thod was communicated to me by the late Mr. JACKSON, 
who during his life kept it a ſecret, as he uſed it in the 
conſtruction of his quadrants, and 1s, I believe, not as yet 
known to any workman. 


In 


As it. is always neceſſary to ſolder to the back of the 


of Milats for" 2 ene Ws 
In the annexed plate are figured the ſhape of the A 
leaden tool for rough-grindin 85 ; the hones; 1 ard the * 
paratus to be applied to the mouth of the teleſcope, to 
aſcertain the true — of the ſpeculum. a. 
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It was ſome time after I had written the above account 
that I ſaw Mr. $HorT's method of poliſhing object glafſes 
for refractin g teleſcopes, which is publiſhed in the Tran- 
ſactions. By that paper I find that what 1 before 
ſtrongly ſuſpected is really the caſe, VIS. that he knew 
how well pitch was calculated for purpoſes of this kind. 
Only it may be remarked, that as glaſs is much harder, 
poliſhes much flower, and conf equently does not wear 
away arid alter its fi gure ſo ſoon as the metal of which 
the ſpeculum i is made; and as at the ſame time (on ac- 
count of the very ſmall apertures allowed to teleſcopes 
af this Tort) nothing more than a ſph erical fi gure is pro- 
poſed; he is therefore obliged to uſe pitch in a hard, | 
friable, and ſtubborn ſtate : whereas, conſidering the de- 
licate fubſtance of the metal ſpeculum, and the figure 
intended to be given to it, the ſoft pitch of the common 
. by fufferin g the putty to bed itſelf in its ſubſtance, 

Yy2 produces 
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produces the moſt beautiful poliſh; and by its — 
is better calculated for chat mutual accommodation be- 
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EXPLANATION, ( OF THE: FIGURES 


"An a che back 8 repre dep grooms 
made with a graver.. | 
Fig. 2: The bed of hones, which is to complete the 


ſpherical figure of the ſpeculum, and to render its. 
ſurface fit for the poliſher, 


Fig. 3. An apparatus for cxanining the * aun 
of the ſpeculum. 
aA The mouth of. the anden or cage of the great: 
tube;. 
un A thin piece of wood faſtened into, and fluſh with the: 
end of the tube; to which is permanently fixed the. 
annular piece of paſte - board cc, intended to cover, 


and to prevent the action of the e 
of the ſpeculum. 
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p Another piece of paſte- board, fixed by a pin to the 


of Metals for reflefling Taſeoper.'- 


piece of wood BB, on which it turns as on. a center; ſo 


that the gras annular opening 8 HH may he ſhut up by 8 
piece E in ſuch manner that, in the firſt inſtance, he 
reflexion may be from the center, and in the latter. 
from the circumference, of the great ſpeculum. 
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Barometer. | Thermometer. Rain. 
50 | 5 5 In the Houſe. Abroad. 
fligheſt Loweſt. Mean. High. Low. Mean High. Low. | 

Morn. | 29,65| 28,88 | 29,27 3 * 
: _ 29.50 28,24 | 28,89 * bs 
_ 29,95 | 28,50 29,46 221 — 
— 29,94 | 29,00 29,58 Vat £ 
en | 2999 | 28,73] 29:57] 56 | 3 
een. 29587 29,04 29,42] — 5", 
— 29,86 29,0 29,45 E 
een | 2983] 29,99] 29,41 921 55 
Haren. 2993] 28,75] 29,40 | 59 | 24 
Morn. | 29,87 | 29,06 | 29,56 | ; 25 25 
Nov. after. 29,85 28,60 29,425 54 Jak 
Dee. Altern. 29594 28,73 * p< | 261 
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-- The year began wet, but there ſoon fell a greaterquan- 
bey of now. than for ſeveral years paſt: we had perhaps 
the ſharpeſt froſt ſince 1740, and it was more intenſe 
at the latter part of it than at the beginning. The froſt 
went away finely the beginningof February, and without 
much rain till the ſnow was almoſt gone; but a good deal 
of the middle of February was ſtormy and wet, and it was 
chiefly wet till about ten days in March, yet not cold. 
Then the ſeaſon grew dry; the ſeed-time was fine, plea- 
fant, growing warmer, and-in the middle of April hot. 
There was great plenty of bloſſoms of all ſorts, and the 
graſs came on well; but the wheat, which had been left 
thin by the great froſt and ſnow, was rather hurried on 
too faſt: It grew colder at the end of April, and was cook 
and dry moſt part of May, with chiefly. Northerly winds. 
During this time the wheat mended- much, but rain 
began to be wanted, of which there came ſome-in June, 
and brought on both corn and graſs. The latter end of 
that month and July were only: ſhowery and hotter, ſo 
that the hay was got in well; and toward the end of July 
and beginning of Auguſt, the ground began to burn 
pretty much, when after ſome very hot days there came 

a great deal of wet. 

The courſe of the ſeaſons this year was I believe the 
ſame in all places. Dry ſpring and beginning of ſummer, 
ſhowery June, drier July, very hot beginning of Auguſt, 

5 and 


352 Ar. Bank RN Repifer of the Weather.” 
and wet after; but in different proportions in various 


places. In ſome, as Leiceſterſhire and Northamptonſhire, 
the drought fo much prevailed that the ground was 
greatly burnt, and hay very ſcarce; on the other hand 


here and in Huntingdonſhire, there were ſo many refrefh- 
ing ſhowers that we never were in want of graſs. 

The beginning of harveſt was wet, and the reft 
ſhowery. I believe a little of the wheat might grow, but 
in general the grain was pretty well got in. It was a re- 
markably plentiful year for almoſt all kinds of fruit; 
the crop of grain was pretty good, eſpecially the barley; 
and there were great quantities of latter grafs and tur- 
nips. In the middle of September the weather grew 
fairer; it was a fine latter end of the year and wheat 
ſeed-time, without too much rain intermixed. As the 
winter came on, it was chiefly calm, and there was much 
cloudy or miſty weather, ſcarce any froſty mornings till 
near the end of November; a ſhort froſt then and mild 
again; but towards the latter half of December it began 
to be more inclined to froſt, and the year ended: with 2 
Tharp one, and pretty deep ſhow. 
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XVIII. Extrad of a Meteorological Fournal for the Year 
1776, kept at Briſtol, by Samuel wg, M. D. 


Read February 275 1797. 


Barometer. 


Higheſt. | Loweſt, | Mean. | Vicifftude. 


— — 


29,93 | 29,04 | 29,53 * I 


September 30,20 |- 20,197 | 29,72 


October | 30,18 | 29,60 | 29,87 


November 30,15 28,90 | 29,74 


December 30,28 29,26 | 29,76 
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WEATHER FOR THE YEAR 1776. 


January..It rained' a little at firſt; but ſoon changed” 
to ſnow, which was ſucceeded by a hard froſt that 
laſted till the next month. | 

February. After the thaw it became very wet and 
tempeſtuous. 

March. Often froſty and fair, with now and then a 
conſiderable ſtorm, as on the 8th and ꝗth. 


3 CEL IG April. 
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April. Stormy, although but little rain fell for about 


half this month; after the 2oth it was quite fair. 
May. After this it was ſtormy, with ſome rain on the 
4th, 5th, 6th, 8th, x Ith, 19th, and 20th, but not much; 
the reſt of this month was fair. 
| June, Very wet for 7 or 8 days, 64-0 roth, 
22th; and 12th, and alſo from the r 4th to x 7th; it was 
then fair to the 23d; rained then and an the 24th and 
27th. - t | 

July. Very wet and cloudy, with thunder, 8c. on the 
5th and 19th; very few days fair till the 2 ad; after 
which it was in general fair this month. 
Auguſt. Very fine for a few days; but aftbrwands it 
became wet and ſtormy till wy 20th; after which it was 
in general fair. 

September. Stormy for ſome Jays; fair on the 8th and 
gth; froſty on the roth, and then fair to the 1 5th; wet 
to the 18th; and then fair to the end. 
October. Dry though cloudy, with a little rain for 
7 or 8 days; after which it rained part of every day for 
as many more, and then became variable with ſome 
froſty nights. 

November. Dry with e froſt and fog, but with 
little rain an the gth and 11th, and for a fortnight after; 
2 2 2 it 
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it next became variable, but generally fair; it rained 
6 23d and on the 28 1]t. 

December. Wet for a few days and then cloudy, but 
without rain for the firſt week; it was then dry for a few 


days; it froze on the 16th, and ſnow fell on the 18th; 
the 19th was fair; it rained afterwards to the a 3d, and 


ſnowed on the _ after * a a fro _ "ny and con- 
tinued till the end. 
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| | U Peg iin. Barom. Rain. Winds. 43 
| _ ithoutwithin, | 
| Y —— — — 2% 
| . M. Unches. Inch. Points. Str. 
Apr. 17 3 44,0 5p, 5 139,44 4 
1 2 * 50,0, g 130, 43 1 
247 0, 480 33/0 3% 7 1 [Cloud 
12 ©, 390 | 13834 |] 
3] 7 4235 15 30, 34 I 
| | 2 / 62,0 [56,5 30, 28 1 
47 945, 51,0 430, 22 1 
' 2 54.0 = | 30,22 I 
5 7 94,0 „5.30, 42 I 
2 9 49,0 4935 | 39,17 1 
of 7 6 49,5 46,5 30, 145 1 
1 2 * 47,0 | 48,0 30,11 1 
e I 
| 2 9 5,5 48,5 | 46-44 1. 11 
8 7 90 45,9 48,0 129,75 [WNW] 1 
2 © 51,5 50, 29,57 | NW-| 2 
9| 7 ©] 39,0 | 43,5 29,71 0,065 NW. [2 
2 Of 39, | 4550 29, 86 ; - |NWbyN| 2 
[ - if 9 | 345 | 41,9 35,13 1:04 
2 of 48,5. | 44,0: 30, 16 2 Fine, 
1117 o] 4435 | 44,0 30,21 I 
2 of 54,0 | 48,0 [30,21 1 
12] 7 9 44,0 | 46,0 30,17 BY 
- * 53755 [49,5 30,97 1 | 
131 7 © 45,0 | 48,5 29, 85 1 Fair. 
2 o 56,5 | 52,0 [29,80 1 Fair. 
14] 7 0 48,5 | 51,0 [29,81 1 |Cloudy. 
2 ©| 57,0 | 54,5 [29,76 1 Fair. 
| i5] 57 ol 48,5 | 52,0 [29,608 1 Cloudy. 
2 o 56,0 | 53,5 29,68 1 Fair. 
1667 ol 48,5 | 57,5 129,51 1 Fair. 
| | 2 of 62,0 | $5,0 [29,46 2 [Rain. 
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METEOROLOGICAL JOURNAL 
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METEOROLOGICAL JOURNAL 
for May 1776. 
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* — 


Weather. 


8 


Cloudy 
Cloudy. 
Cloudy. 
Fine. 
Cloudy. 
Fine. 
Fine. 
Fair. 
Cloudy. 
Fine. 
Fine. | 
Fair. 
Fair, 4 
F air. | 4 | 
Fair, 4 
Fair, Thunder at x: 
Cloudy. 
Cloudy. ; 
Fine, LT 
Fine. f 
Fine. Vat 
Fair, | 
Fair. | 
Cloudy. 
Fine. 5 
F ine. 1 ; | 
Fair, 
Fine. 
Rain. 
Fair, | 
Fair. 
Fine. 
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| METEOROLOGICAL JOURNAL 
for May 1776. 
by . 
[ | Lune. Therm. Therm. Barom.|Rain.| Winds. | 
withoutſwithin. Ef / 1 
| — 2 : eather. 
1 Inches. Inch. | Points. Str. f 
- | 
7 |. I 
2 by | I 
7 I 
2 2 | 
19 7 - j 
2 © 2 ; 
20] 7 © 1 . 
=— | $729 130,15 1 I | 
21] 7. ©} 41%. | 5325 8,55 |? . 
2 15). 88,5 | 50,0 30, 22 1 | 
227 0 47,0 | 53-0 30, 15 FF : 
2 Of 61,5 | $525 [30,07 I | 
23] 7 0 47,0 | 52,5 [30,08 I | 
2 9 540 | 53S 30,07 2 n 
247 © 45,5 | 48,0 30, 5 2 . 
2 Of 58,5 | 53,0 [30,20 2 þ 
25] 7 / 44209 | 4945 30, a2 I 1 
| 2 Of 59,0 5$3»>5 30, 16 VE a 
26 7 0 53,0 540 30, 12 : : 
2 of 05,0 | 58,5 [30,11 1 . 
2717 0 5492 57-5 30, 09 7 5 
2 ©] 04,5 | 61,0 [30,06 | 1 
280 7 0 57.5 [59,0 [30,04 | I 
2 0 gp 04,0 30,02 1 
209] 7 of 01,5 | 61,5 29,98 1 
2 0 77:5 £79 29,97 9 | - 
39] 7 o 62,0 | 66,0 29,87 I [1 
2 0 66,0 | 68,0 29,85 2 | 
3 I 7 Ol 60,0 05,0 2 9,80 | | 1 a 1 
2 o 70,5 | 68,5 [29,87 48 1 Fair. 5 ; 
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METEOROLOGICAL JOURNAL 


for June 1776. 
1 Time. [Therm|] herm.[Barom.jRain. "Winds. | © 
without within. a | 
1 
. | H. M. | | 
| a 4% BOEING W 
une 1 o| 58,0 | 64,5 
| 0 00,0 | 65,5 
| 2 O 3775 64,0 
o 73,0 | 67,0 
8 3 O 60,0 65,5 
| ol 78,5 | 795 
47 00 66,0 | 70,5 
|: o 74,0 72,5 
3 of 61, 65, o 
|. o| 03,5 675 
6 o 6 
| 
| s 
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METEOROLOGICAL JOURNAL 
for June 1776. 


— 


1. Rain. inds. 
1 ls Weather. 
H. M. Inch. | Points. 2 
une 177 of 1 Ei 
E I 
138} 7 © I 
2 © I 
19 7 © * 
3 1 
20] 7 © I 
S > I 
21] 7 © I 
12 0 1 
22] 75 of: I 
| 2 0 2 
237 © 2 
2 0 l 
2417 © 
2 0 2 
2517 ©]. * 
6 3 n Fine. 
20 0 C1 
[ , O 1 Cloudy. 
27 7 O 1 Cloudy. 
x | 2 O 2 Rainy. 
28] 7 © 1 Cloudy. 
2 0 1 Fair. 
29] 7 o o Cloudy. 
2 0 I 2 
©]. 1 alk. 
. 8 1 2 III Pair. 
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* 


11 tt 


for July 1776. 


22 


Time. Therm Therm. Barom. in.] Winds. 
| withoutjwithin, 2 
e eee eee e Wy lcd 
H. M. Inches. Inch. | Points. tr. 
7 of 55,0 | 62,0 20,95 ? I 
2 0 69,0 | 67,0 | 30,00 I 
8. 60,5 | 65,0 29,98 I 
2 of 69,5 | 68,5 29,98 I 
FA 58,0 1 60,0 29,99 I 
2 Ol 71,5 | 70,0 29,97 1 
4| 7 0 64,0 | 67,5 29 95 1 
2 0 76,0 | 72,0 [29,91 I 
517 © 70,0 | 70,0 [29,77 I 
2 © 67,0 | 71,5 [29,74 I 
617 90 63,0 | 67,0 [29,55 I 
2 09 65,0 | 69,5 [29,59 I 
7] 7 ©] 59,8 | 09,5 [29,555 I 
2 of b6,s | 68,5 [29,62 : 
8] 7 of 58,5 | 64,5 [29,94 I 
2 of 70,0 66,5 [29,99 | I 
| 97 0 56,0 | 64,0 [29,995 I 
— | 2 9 9,0 | 66,0 29,90 | I 
10 7 ©, 58,5 | 63,5 129,94 I 
| | 2 0 74,0 | 69,0 29:94 I 
| 1117 O| 56,5 | 65,5 29,84 I 
2 2 0 63,0 | 68,0 [29,85 I 
1327 '©| 62,0 | 66,5 29,855 , 
2 O| 70,5 | 69,5 [29,86 I 
| 13] 7 0 61,0 | 67,0 29,77 I 
ö 2 0 70,0 | 70,0 29, 76 1 
147 ©] 62,0 | 67,0 [29,85 | I 
1 2 0 71,5 | 69,5 29,80 I | 
1567 0 62,5 | 67,5 [29,755 I 
| 2 Ol 65,5 68,5 20,71 2 
16] 7 ©} 63,0 | 67,0 [29,58 -Y 
Ku 12 Of 730 70,5 [29,01 1 2 
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METEOROLOGICAL JOURNAL 
| for July 1776. 


Time. Threm. Therm. Barom. Rain.“ Winds. 
withoutſwithin. = 
H. M. Inches. Inch. | Points. Str. 
7 of 640 | 69,0 29,66 | [SSW | 1 
2 0 71,0 | 70,5 [29,71 2 I 
7 30| 62,0 | 67,5 [29,82 SWbyW 1 
2 0 74,070, 0 29, 82 2 
7 of 60,5 | 65,5 [29,74  ENE | x 
2 0 76,0 | 71,5 [29,68 8 I 
7 of 63,0 | 68,0 [29,71 [| W by NI 1 
2 o 72,5 71,0 [29,81 W byN| a 
21] 7 of 63,0 | 67,0 [29,87 SSW | 1 
2 o 69,0 | 6g,o [29,85 SSW | 1 Fair. 
22] 7 o 61,0 | 65,0 29,80 [0,275|EbyS|o©o|]C 
2 © 07,0 [29,84 | N I 2 
23 7 © 65,0 [29,90 SW | 1|Fi 
2 of 740 | 49,5 [29,95 SWbyW| x [Fi 
. 24] 7 63,0 | 68,5 30,03 SW II IF 
| 2 0| 67,0 | 69,5 30,05 I 
25 7 / 57,0 | 63,5 30, 22 SSW | 1 
2 69,0 | 67,5 30, 23 | SW | 1 
6-009 01,0 | 67,0 [30, 9 AY 
| 2 0 82,0 | 73,0 200k 5 by W| 1 
257 ol 62,5 | 67,5 30,15 SW | 1|Fi 
2 7350 70,5 [30,1 W 1 [Fai 
28] 7 59,5 67,0 30, 22 SW | 1 E ine. 
2 of 71,5 | 79,5 [30,17 SW | 2 [Fai 
29] 7 62,0 | 66,0 30, 1 NW | 1 F. 
2 72,0 | 70,5 30, 22 1W by N| 1 [Fi 
30] 7 of 61,0 | 65,0 [30,31 | N 1 [Fai 
2 ©| 74,9 | 70,5 [30,29 E by N| 1 Fine. 
2317 0 62,0 | 65,0 [30,24 | _ - 1 Fine. 
2 © 75,0 | 72,0 j30,21 | E by S| 1 F. 
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for Auguſt 1776. 


METEOROLOGICAL JOURNAL 


Time. Therm.[Therm.[Barom. Rain. | Winds. 
: | without within. 

H. M. Inches. | Inch. | Points. Str. 

Aug. 1] 7 ©| 65,0 I 
| | 2 of 74,0 I 
2] 7 9 67,0 I 

2 ©| 86,0 I 

31 7 © 62,0 I 

I -'v 76,0 I 

4] 7 © 035 I 

2 0 73,0 I 

5] 7 9 66,0 I 

2 © 795 I 

6 3 63,5 1 

2 72,0 1 

7] 7 of 56,0 I 

2 O| 67,5 1 

| 8 7 N 550 1 
2 9 6550 1 

7 J 59:5 I 

, 2 Of 66,5 2 

{- & 570 WM 3 
| 2 q 66,0 2 
1 67,0 I 

2 9 66,5 1 

1217 © 60,0 1 

4 =: 66,5 I 
| 13 3 | 59,0 I 
12 © 07,5 2 

147 $535 I 

1-2 - - 8 Fad I 

15] 7 ©| 64,5 I 

ms 1355 I 

| 16] 7 © 03,0 I 
 |2 0 695 | 2 
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METEOROLOGICAL JOURNAL 


for Auguſt 1776. 


IIime. Therm. Therm. Kain Winds. | 
without|within, | =} | 
* WE, | 1 1 dee — Weather. 
H. M. 5 Inches. Inch. | Points. Str. 
7 0 55,0 63,0 [29,76 | 0,201] WSW | 1 Fine. 
2 of 67,0 | 66,0 [29,81 | WSW | 2 Fair. 
8 7 Of 54,0 | 62,0 1 Fine. 
2 0 69,5 | 05,5 1 Fine. 
7 o 61,5 64,0 I Rain. 
2 0 69,5 | 08,0 1 Fair. 
20] 7 ©| 59,0 | 65,5 2 Fair. 
2 of 07,5 67,0 2 Fine. 
21] 7 of 57,5 | 63,0 | 1 Fair. 
2 of 67,0 | 67,0 1 Fine. 
227 Ol 54,5 58, o 1 Fine. 
2 0 67,0 | 65,5 1 Fine. 
23] 7 0 57,0 62,5 1 Fair. 
2 of 70,0 | 66,5 I Fine. 
24] 7 of 54,9 | 62,0 1 Fine. 
2 of 64,5 | 64,5 1 Fair. 
25] 7 o] 53,0 | 61,0 1 Fine. 
2 of 66,0 | 640 1 Fine. 
26] 7 of 57,5 | 61,5 1 |Cloudy. 
2 0 67,0 | 66,0 r |Cloudy, 
| 27] 7 of 57,0 | 62,5 1 |Cloudy. 
| 2 of 64,5 | 66,5 1 Fair. 
| 28] 7 o] 53,0 | 60,0 1 Fine. 
( 2 o 69,5 | 65,5 I Fair. 
| 24] 7 ©] 59,0 | 62,0 I Rainy. 
| 2 ol 69,0 | 67,5 1 Fair. 
[ 30] 7 o 57,0 | 64,5 1 Fine. 
| 2 ©| 66,0 | 67,5 1 Fair. 
| 31} 7 Of 54,0 | 63,5 1 Fine. 
A 2 © 70,0 | 68,5 1 Fine. 
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Barom. Rain, 


3 
4 
5 
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7 
2 
7 
2 
7 
2 
7 
2 
7 
2 
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29,48 
29,52 
2930 
29,26 
129,29 
29,41 
29,41 
29,49 
29,05 
29,72 
29,92 
30,00 
| 29,84 
29,75 
29,48 
29,48 
29,90 
29,97 
3O,11 
30, 12 
30, 10 
30, 11 
139,07 


30,07 
30,00 


29590 


29,88 
29,91 
129,98 


0,120 


, o84 
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29792 | ' 
29,99 
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for Septem 


Inch. | Points, 


0,248 


0,358] 


| 


0,054 
0,045 


Winds. 
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SW 
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SW 
SW 


SSW 
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W by N. 
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88 
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| Weather. 


** 


Fine. 
Fine. 
Fine. 
Fine. 


Fair. 
Fine. 
Fair. 
Fair. 
Fair. 
Fair. 
Fine. 
if air. 
Fair. 
Fine. 


| Fine, 
Fine. 


Cloudy. 


Fair. 
Fine. 
Fair. 


J Fair. 


R ainy. 


Cloudy. 


— 


-- 


37s } 


— 


METEOROLOGICAL JOURNAL 


— 


Therm. 


within. 


for September 1776. 
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NINA SW SW SW SI NY NS NS SAI NW NW e 


00000000000000000000000006G5 


Inches. 


| points. Str. 


49,5 


| 62,0 
63,0 
5775 
901,0 

54.0 
3775 


| 
EY 


1E 


32,0 
3750 
325,5 
3755 


3858 
$50 


60,5 
755 


902,5 
| 61,5 
| 


65,0 
53,5 
02,5 
60,0 
63,0 
$90 


62,5 
88,0 


1 


255 


29,99 
29,84 
29,80 
29,94 
30,05 
30,12 
30,25 
30,26 
30,30 
30,35 
30,33 
30,23 
29,99 
29,92 
29,91 
29,71 
29,70 
29,57 
29,30 
29,30 
29,55 
29,04 
29, 52 


29,59 


29, 80 


29,99 
30,00 


29,97 | 
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METEOROLOGTCAL' JOURNAL 
for October 1776. 


Time. Therm. Herm Hadom. Nn WA 
ithoutſwithin. | | | | 
2 | 2 + — W wy * ther. 

+4 * RS Inches. Inch. Points. Str. — ens; 
t 26d by rel e rerred c. ö 
OR. 17 o 52,0 | 58,5 29, | | NE: | 1 Fair. © 7} 
2 0 59,5 | 62,0 29,92 |) ENE | I Fair. 33 
2] 7 0 5455 60, o [30,05 | NE 1 [Cloudy, 
2 ©| 66,5 | 64,5 130,10 NNE | 1 Fair. 
3] 7 ©| 55,9 | 62,0 [30,21 NE I |Cloudy. 
2 0 60,0 | 64,0 [30,21 N | 1 Cloudy. 
4 75 ol 53,0 | 65,0 30, 10 SSE | 1 Cloudy. 
2 0 58,0] 63,0 129-98 | NW | 1 Fair. 

5] 7 2] 4955 | 5755 [29,83 WNW | 1 Fair. 
| 2 ol 56, 5 | 60,5 [29,80 . | NNW | x Fair. 

6] 5 of 4445 55,0 29,8] _ | NNE | 2 Fair. 

2 of 5559 57.5 [29,77 NNW | I Fine. 
717 42,0 | 52,0 [29,76 SSW | 1 Fine. 
2 58,5 | 57,5 29,65 SW | 2 Rain. 
3] 7 49,9 | 55,9 [29,84 [0,020] 8 | 1 Fair. 
2 61,0 39,5 29,75 | 2 Cloudy, 
9] 7 0 43,5 [545 30,17 1 Fine. 
2 58,0 | 58,5 30, 23 2 Fine. 
10] 7 57,09 | $8,5 30, 12 1 [Fair. 
2 66,5 | 63,5 30, 18 1 Fair. 
111 7 53,0 | 60,0 30, 17 1 Fine. 
2 62,5 | 64,5 30, 1 Fair. 
1247 of 49,5 | 58,5 30, 2 1 Pair. 
2 of 57,5 [61,5 30, 32 | 1 Fine. 
13] 7 of 52,0 | 58,0 30, 28 | x Cloudy. | 
2 of 58,5 | 02,0 [30,24 | NW | 1 |Cloudy. n 

147 © 51,0 | 59,0 30,17  W | x Cloudy. 
2 of 57,0 | 61,5 [30,16 | [8 Þ} Cloudy. 

15] 7 of 57,5 | 58,5 30, 16 NNW | I Cloudy. 

2 0 57,90 | 61,5 30, 10 SE | 1 Cloudy. | 

16] 7 of 44,0 | 535 29,92 NE | 1 [Foggy. 

2 ©] 61,0 | 60,0 129, 8 | S by E 1 Fair. = 
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for October 1776. 


= 


2 Time. [Therm.[Therm.[Barom. | Rain. Winds. * 
without|within, 5 
SOT; a — — Weather. 
H M | Inches. Inch. Points. Str. | 
| | oy 2 1 hoy 2 ee ee 3 
loa. 17] 7 0 58,0 60,0 29, 80 8 x + Fair. 
2 0 58,0 | 62,5 [29,85 | NNW | 1 Rain. 
| 18; 7 0 43,5 | 55,0 30, 23 0, 152 SW | 1 Fair. 
| 2 ©| 59,0 | 60,0 30, 19 | 8 _| 1 |Fine, 
197 o 52,5 | 57,0 29, 86 * 1 Foggy. 
2 ©| 61,5 | 61,5 29,80 1 Rain. 
2007 of 56,0 | 59,0 [29,73 64. 1 Fair. 
2 ©| 56,0 | 62,0 [29,34 W by NI 1 [Rain. 
217 o 46,0 | 55, 5 [30,01 |0,356] SS 1 Cloudy. 
| 2 0 59,0 | 60,0 [29,97 8 by EI Fine. 
227 o 55,5 | 58,0 [29,99 wot 1 Fair. 
h 2 ©| 65,0 | 64,0 |30,04 S 1 Rain. 
23] 7 ©| 55,0 | 60,0 30, 10 NE [| 1 Cloudy. 
2 0 56,0 | 62,0 30, 12 NE. I Cloudy. 
24] 7 o 56,0 | 60,0 30, 14 [E by N | 1 Cloudy. 
2 0 55, | 61,5 [30,14 NE | 1 [Cloudy. 
25] 7 ©] 51,0 | 56,5 |30,01 NE | x Cloudy. 
2 ©| 54,0 | 59,0 [29,93 NE by E 1 Fair. 
26] 7 ©| 48,0 | 54,0 [29,84 1 Cloudy. 
2 ©| 51,0 | 56,5 29, 85 NNE | 2 Fair. 
27] 7 0 43,5 | 51,5 29,90 NNW | 1 Cloudy. 
| 2 O| 52,0 | 55,5 [29,93 | N Ii |Fine. 
| 28] 57 o] 38,0 | 49,5 30,04 NE I Fair. 
| 2 0 51,0 | 55,0 [30,04 E | x Fine. 
2G] 7 o 49,0 52,5 |30,03 SE | 1 Cloudy. 
| 2 ©| 53,0 | 55,5 [30,00 ESE | 1 Kain. 
30 75 of 49,0 | 54,0 [30,01 o, 194 SE | 1 Fair. 
2 0 54,0 | 57,5 [30,96 S8E [Fine. 
31 7 9, 43˙0 | $1,0 29,85 ENE | 1 |Cloudy. ' 
3 | 2 ol 48,0 | 53,5 [29,89 | |< -j 3 {Fe - 
VoL. LXVII. C CW BET E- 
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for November 1776. 


Time. herm. Therm. Barom. Kain. Winds. 
withoutſwithin. ä 
[—— — | — Weather. 
H. M. Inches. Inch. | Points. Str. | 
7 0 37,5 | 4135 [29,94 | E I Fair. 
2 o 50,0 | '52,0 [29,82 | S by E| 1 Fair. 
7 o 39,0 | 48,5 [29,78 so, 165 88 1 Fair. 
2 Ol 49,5 | 52,0 29,78 W by N| 1 Fair. 
7 ©] 33,5 | 45,9 |30,06 8 I Fair, 
2 o 44,9 | 49,9 30, 11 SW | 1 Fair. 
7 of 38,5 | 44,5 30, 16 SW | 7 Fine. 
2 0 54,0 | 50,0 [30,14 'S i Fine. 
8 q 49,0 | 50,0 [30,18 SSW | xr Fair. 
3 
2 0 54,0 | 54,0 [30,19 NW II Cloudy. 
8 0 36,0 | 47,5 30, 17 |] NE [1 F O83) - 
2 ©] 44,9 | 50,5 30, 10 NE | x Fair. 
718 0 49,0 46,5 130,02 = WY 
| 2 0 51,5 | 51,0 [30,00 NE | 1 
81 8 o] 40,0 | 49,0 [30,01 NE [| x 
2 of 54,0 | 56,0 [20,98 | NE | 1 
gf 8 ©] 40,5 | 47,0 29,92 | N by EI 
2 0 55,0 51,5 29,92 * I 
10 8 of 49,9 | 51,5 [29,97 | SE |» 
2 30 $235 |} 5455 29597 8 I 
11] 8 of 49,0 | 53,5 [29,90 1 
2 © | 56,0 [29,85 SE |1 
1218 © | 52,5 [39,02 0,136] SW | 1 
2 © | 5525 3% 11 W by S 
1318 0 53,0 [30,13 SW [1 
2 of 55,5 | 56,5 39,13 SW [| 1 
14] 8 o 52,5 | 5525 [39,23 0,010 SW . | 1 
2 0 57,0 | 58,5 30, 21 | SW [1 | 
15 $ . of 48,5 | 55,5 [39,22 so, as] SW | 1| | 
2 of 55,0 | 57,5 [30,12 SW | 1 Fair. 
468 ol 57,5 | 58,0 [29,73 SW | 1 Cloudy. 
2 ol 55,0 | 59,5 129,95 | I SW II |loudy. | 
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for November 1 776. 


Time. Therm. Therm. Barom.] Rain.“ Winds, | 
| without within. 4 
| — — — — — Weather. 
| H. M. | Inches. Inch. Points. Str. 
Nov. 17 8 Ol 45,5 55:0 29,67 0,010. SW 1 11 air. 
| 2 Ol 49,5 | 56,0 [29,77 W II Fair. 
188 o 42,0 | 50,0 129,87 W II Fair | 
| 2 ol 51,5 | 53,0 29,74 SW | 1 Fair. | 
19] 8 of 49,0 | 53,0 [29,71 | 8 o Rain. 
2 Of 52,0 | 55,0 29,67 , 140 SE | 1 Rain. 
20| 8 of 53,0 | 56,0 [29,32 | SW | 2 Fair. | 
2 of 58,0 | 59,5 29,36 | 0,089] SW | 2 Rain. 
21| 8 of 40, 2 |Fine. 
2 0 45,0 | | 1 [Fine, | 
22] 8 o 33,0 I Fair. 
2 Of 43,0 | 48,0 [29,89 W 1 Fair. 
23] 8 © 4%,0 | 45,5 29,30 SbyE| 1 Rain. 
2 of 43,5 | 48,0 |29,23 |0,840 SE I Rain. 
2448 of 36,0 | 44,0 [29,61 N by E] 2 Fair. | 
2 0 42,0 | 46,5 29,94 [0,176] NW | 2 Fine. 
25] 8 o 33,0 | 41,0 30, 16 N [| 1 [|Fine. 
2 O0 41,0 | 45,0 30, 20 N by E 1 kine. 
2608 of 28,0 | 39,5 30, 39 E by NI 1 |Foggy, 
2 ©f 37,0 | 43,5 30, 31 NE Fine. 
27] 8 o 31,0 | 37,0 30, og E 1 |Froſty. 
2 0 36,0 | 49,0 29,97 ' SE | 2 Fair. 
2808 o 34,0 | 48,5 29,055 SE | 1 Cloudy. 
2 0 380 42,0 29,52 DE | 1 |Cloudy. 
29] 8 o 38,040, 5 29,1 SE. 1 Kain. 
2 0 46,5 | 45,0 29,11 | SE | 1 Cloudy. 
30] 8 o 41,0 | 45,5 29,37 , 520 SW | 1 Rain. 
5 | 2 0 47,0 | 40,0 29,44 BS SS: JIN 


CCcCc2 


— 


— 


{ 380 J 


Therm 


without 


Therm. 
within. 


Barom. 


METEOROLOGICAL JOURNAL 
for December 1776. 


OQ O 


00000000 


2 


OO 


O 


W co co SO O O ON OÞ O ON O ND ON ©ÞD ON ON 0 


— 


e 
a | 
Points. Str. 
0,222] 8 | 2 Fair. 
| SSW | 2 Cloudy. 
SE | 1 Rain. 
1 Fair. 
1 F 1 
1 Faß. 
1 Foggy. 
I Cloudy. 
1 Cloudy. 
1 Cloudy. 
1 Cloudy. 
3 Cloudy. 
I Fair. 
1 Fine. 
E 1 F dar, 
SE 1 Fair. 
SSE 1 Fine. 
SE I F ine. 
8 1 Cloudy. 
SW 1 Cloudy. 
SW 1 Fine. 
SW M [Fine. 
SW | 1 Cloudy. 
VW II Cloudy. 
NE I Cloudy. 
NE | 1 I[Rain. 
SSW | 1 (Cloudy. 
SE | 1 Cloudy. 
SE 1 Fair. 
SW 1 Cloudy. 
N |} 1 Rain. 
' | NW II Fine. 
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Time. Threm. Therm. Barom.] Rain.“ Winds, | LAS. 
without|within. | | 
— — . — — Meather. 
I. M. Inches. Inch | Points, Str 
8 of 30,0 | 41,0 [29,755|0,020] NNW | 1 Fine. 
| 2 of 36,0 | 41,0 [29,755 NW | 1 Fine. 
8 ©| 26,0 | 35,0 29,59 WNW | 1 |Cloudy. 
2 of 32,0 35,0 29,55 S by W 1 Eroſty. 
8 o 38,0 | 36,5 20, 16 | 0,139} by NI 2 Rain. 
2 0 40, | 37,0 [29,32 W II Fair. 
8 ol 35,0 | 37,0 [29,47 SSW Cloudy. 
2 0% 36,0 | 39,0 2% | | NE | 1 |Rain. 
8 ©| 52,9 | 39,0 29,09 | 0,10 SW | 1 Rain. 
2 54,0 | 41,0 [29,58 | SW | 1 Rain. 
8 52,0 | 46,0 20, 765 0,053] WSW | 2 Cloudy. 
2 0 54,0 | 45,0 29,84 WSW | 1 Fair. | 
23] 8 of 42,0 | 48,0 [29,87 o, os SW | 1 |Fair, 
2 of 46,5 | 48,5 [29,81 | WNW} 1 Fine. 
241 8 of 39,0 | 44,0 [29,57 ooh NW | 2 Pair. 
2 0 39,0 | 44,0 [29.51 W by NI 2 Rain. 
25 8 ol 35,5 | 38,5. [29,77 | 9,047] NW | 2 Fine. 
2 0 39,0 | 40,0 29, 82 N by W I Fine. 
2668 of 30,0 | 39%5 29,81 N 1 Fine. 
2 0 36,0 | 37,0 29,70 NE | 1 Rain. 
27] 8 c| 339 | 36,9 |29,98 | N | 1 Cloudy. 
2 of 36,9 | 37,0 29,87 NE | 1 |Cloudy. 
28] 8 of 29,0 | 35,0 30, oo N 1 |Fair, 
2 0 33,0 | 35,0 30, o2 NNE | 1 Fair. 
29] 8 of 32,0355 29 73 N 1 Fair. 
2 of 36,5 | 34,5 29 62 W by N| 1 Fair. 
30 8 of 32,0 | 34,5 29,47 o,o N 1 [Snowy. 
2 Of 29,0 | 34,9 29,49 N by E | 1 [Fine and froſty. 
318 o 25,0 | 30,5 [29,71 N 1 Fair and froſty, 
2 00 31,0 | 31,0 [29,83 | | NW | 1 [Fairand froſty. | 
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[1 hermometer without. | Thermometer within. | Barometer. | Rain. 
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Greateſt] Leaſt | Mean reateſt Leaſt 
Height. Height. Height. Height. Height. 


Greateſt | Leaſt | Inch 
Height. Height. 5 
3914] 29,21 [29,087 | 1,15 
29,97 | 28,84 [294408 | 3,51 
30,43] 28,98 [29,91 | 1,541 
30, 44 29440 [29,542| 0,320 
39,46] 29, 14 29,999 1,594 
30, 34 29,48 [29,87 | 2,028 
30, 37] 29,55 [29,913| 1,752 
29953 29-546 | 2,340 

29, 26 [29,83 | 2,712 
29,65 [30,00 | 0,734 
29,11 [29,878 | 7,191 


13.5 29.3 8 20,5 
14,5 | 42,6 þ 46,0 | 19,0 
30,5 | 45,9 | 50,0 | 37,0 
$8,0 | 41,0 
66,0 | 47,0 
10,5 | 5445 
70,0 | 60,0 
725,5 | 58,0 
04,5 Sa, 
65,0 | 51,0 
58,0 | 37,0 


57,30, 5 29,1 32 | 1,275 
: — EL * _129,789 120,354 
04 5." Bl 21 364 


VARIATION 


. 
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VARIATION-NEEDLE. 

1 ; 7h. | 12h. 2h. Tioor it he ily 
A.M. M P.M. | P.M. | Mean. 

June a 4 21 52 | 21 45 | 21 49 N 
220 21 38 1 21 49 | 21 52 | 22 20 21 55s | 
23] 21 43 [21 42 121 43 | 21.47 * 
* 21 4% | 21 49 | 21 54 21 36 | 21 45. | | 
25] 21 57 * 54 1 * 53 | 
26] 21 43 | 21 47 | 21 49 
27] 21 38 | 21 48 | 21 50 
2. 21 43 | 21 47 | 2+ 40 [ 
29] 21 59 | 21 51 | 21 45 | 
300 21 39 | 21 49 | 21 44 | | 
1 22 00 | 21 51 | 21 50 : | 
1 21 36 21 50 | 21 54 ; | 
3 21 59 21 49 | 2150 | | | 
4 21 40 ] 21 55 | 21-52 | 
5 40 | 21 56 | 21 56 
6021 40 2 50 21 53 | 
7] 22 0 | 21 49 | 24 49 

n 21 50 | 21 43 


Mean of all 21 47. 
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DIPPING-NEEDLE. 


” 
” 
—— ————d»—U— ot > 


" Sans 52 by © 
| 7 h. 12 h. 2 h. bean Mean, 
AM. | M. | P.M. | P.M. 
| FE: dS 4 * . 5 1 2 , e 
| June 23] 7132 | 71 36 ; 
11222 [7140 171 40 | 11 45 | 1 43 [Weſt mark up- 
23] 71 45 | 71 50 | 7145 | 72 30 permoſt. 
4 71 50 | 71 35 71 45 | 71 35 | 
e 5 
25] 71 37 | 73 10 55 0 | 72 45 
260 73 20 | 72 50 | 73 05 | 73 00 | 73 01 Eaſt, 
27] 73 05 | 73 20 | 73 15 | 72 20 
28] 73 10 | 71 50 | 751 50 | 51 50 a 
— - 
29] 72 os | 72 20 | 72 oo | 71 40 | 
30 71 35 | 71 50 71 50 72 10 6 Eaſt mark 
71 8 down. 
July , 72 oo | 71 50 | 71 50 | 71 50 | 
2471 55 7% 50 [7152 | 71.50 
3| 7: 50 71 50 | 71 55 72 00 = 
4 οο [ns 73 1013 3 
573 20 [7325 [7320 [7339 73 22 Weſt. 
6 73 39 | 73 24 | 73 20 | 73 20 2 
773 25 73 15 73 20 | 73 25 ET 
8 | | | 72 30 | 


THE END OF PART I. OF VOL. LXVII. 


; 
| 
| 
| 


ERRATA in VOL. LX 


Page. Line. | 
140. 3. from the bottom, for Griſons read Griſones | 
144. 2. from the bottom, for Elinot read Klinot | 
: G13. 20. for viz. green, read viz. white r. green, &. 
618. 11. for theſe read the | 
Ibid. 15. for fine collection read few collections 
620. 17. for Poulaſent read Poulaoent | 
; Tbid. 18. for T ſchoppan read Tichoppau | 
Ibid. 20. for Freibourg read Friebourg | 
621. 10. for powder read powdered | 
; 
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XX. An Account of. a YVo!canic Hill near Inverneſs. In 
a Letter from Thomas Welt, E/q. to Mr. Lane, F. R. S. 


| Bath, 
DEAR SIR, Oct. 27, 1776. 


Read Dec. 12, S you ſeem defirous to have a more par- 

mo ticular account of the lava, which I 
left at your houſe on my return from my tour in Scot- 
land, I herewith ſend it you. At the ſame time I muſt 
own, that the little attention paid to ſo extraordinary a 
phenomenon, and which ſeems to prove beyond a doubt 
the exiſtence of volcanos in this country, is to me matter 
of great ſurprize. 
Ihe hill from whence I took the ſpecimens of lava 
which I have the pleaſure to ſend you, is about a mile 
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and an half diſtant from Inverneſs, and 1s called by the 
inhabitants Creck Faterick, or Peter's Rock : the lower 
part of it is chiefly ploughed up; the upper part is ex- 
tremely ſteep, craggy, and very difficult of acceſs, and 
appears to me to have evident marks of having been a 
volcano, as by much the greateſt part of the largeſt 
rocks on it have been either ſtrongly calcmed or fuſed, 
as will, I think, plainly appear by theſe ſpecimens, ſome 
of which I picked up on the ſides of the hill, others 1 
broke off from the ſolid rock with a pick-axe (though 
not without great difficulty, on account of the extreme 
Hardneſs of the rock); and others I dug out from the 
ſummit of the hill, at the depth of four feet, lying in 
a rich, light, black mould, which, after having been ex- 
poſed to the air for ſome time, turned to a whitiſh aſh 
colour. 


On the ſummit of this hill (which commands a moſt | 


beautiful and extenſive proſpect) is a ſmall plane, ninety 
paces long, by twenty-ſeven wide, ſurrounded by rocks, 
from ſix to eight feet high, like a breaſt-work, extremely 
craggy, and difficult of acceſs on the outſide, but riſing 
from the center, in the inſide, to the top of the breaſt- 
work, with a gentle ſlope of turf, equal to any of the 
fineſt on our ſheep downs. This I at firſt thought might 
Have been the crater; but the ſmoothneſs of the infide 
feeming not to favour this opinion, I carefully examined 


* 


a Volcanic Hill near Inverneſs. 387 
every part of the hill, in hopes of finding ſome marks 
of one, but without ſucceſs. There are, indeed, ſeveral 
ſmall caves, but of no great depth, which ſeem to be 
formed by the hanging rocks on the ſides, near the top 
of the Hill. There is alſo a ſmall ſpring about fifty 
yards from the top of the hill, but it was almoſt dry 
when I ſaw it, which was the latter end of July. I could 
not get, from the beſt inquiries I was able to make, any 
account of this extraordinay phenomenon, no perſon in 
Inverneſs (except one gentleman of that city) having 
ever taken the leaſt notice of it; nor can I find that any 
mention has ever been made of it in hiſtory, though it 
ſeems probable that there has been at leaſt one more in 
this part of the country; as a gentleman near Dingwal, 
which is about twenty miles from Inverneſs, affured me, 
that there were many ſtones on a hill near his houſe 
which they called the vitrified fortification, that had the 
ſame appearance with thoſe at Creck Faterick; but that 
no perſon had ever taken any particular notice of them.“. 


1 am . &c. 


(a) The ſpecimens ſent with the above letter to the Royal Society, having 
been examined by ſome members well acquainted with volcanic productions, 
were by them judged to be real lava; and it was their opinion, that if a great 
quantity of the like ſubſtance be found on the hill from whence theſe pieccs 
were taken, the hill moſt probably owes its origin to a volcano. J. r. 
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XXI. New Electrical Experiments and Obſervations; with 
an Improvement of Mr. Canton's Ele&trometer. By 
Mr. Tiberius Cavallo, in @ Letter to Mr. Henly, 


F. R. S. 


DEAR SIR, Re” 777. 


Read March 13, OGETHER with this letter 1 ſend 

add you an account of ſome electrical 
experiments I have lately made, and moſt of which have 
been ſucceſsfully repeated in your preſence. As you did 
me the honour to mention, in your laſt paper to the 
Royal Society, ſome remarks I had made on Mr. voLTA's 
machine, I hope you will farther oblige me by preſent- 
ing this account to that learned Body, if you think it 
contains any thing deſerving the attention of the 
curious. 


I am, &c. 


Experiments 
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Mr. CAVALLO's Experiments, Kc. 389 


Experiments on Mr. VOLTA's plates, commonly called a 
machine for exhibiting perpetual electricity. 


THE following experiments, which ſhew how both 
ſides of an electric plate are affected in different circum- 
ſtances, were principally made with a plate which mea 
ſured ſix inches and a quarter in diameter, and which 
conſiſted of a circular piece of thick glaſs coated on one 
ſide with ſealing-wax (“. 

If, after having excited the ſealing- wax, I lay the plate 
with the wax upon the table, and the glaſs uppermoſt, 
that is, contrary to the common method; then, on 
making the uſual experiment of putting the metal plate 
on it, and taking the ſpark, &c. I obſerve it to be attended 
with the contrary electricity; that is, if I lay the metal 
plate upon the electric one, and, while in that ſituation, 
touch it with an inſulated body, that body acquires the 


(a) Having conſtructed ſeveral of thoſe plates, with a view to diſcover which 
ſubſtance would anſwer the beſt for coating the glaſs plate, I obſerved that the 
eaſieſt to be made, and the ſtrongeſt in power, are thoſe made of the fecond ſort 
of ſealing-wax. It is remarkable, that ſometimes they will not act well at firſt, 
but they may be rendered very good by ſcraping with the edge of a knife their 
ſhining or gloſſy ſurface. This ſeems analogous to the well-known property of 
glaſs, which is, that new cylinders or globes made for electrical purpoſes are 
often very bad ele&rics at firſt, but that they improve by being worked, that is, 
by having their ſurface a little worn. 


poſitive 


390 Mr. CAVALLO's Experiments and 
poſitive electricity, and the metallic removed from the 
electric plate appears to be negative. 

This experiment, I find, anſwers in the ſame manner 
if an electric plate be uſed which has the ſealing-wax 
coating on both ſides; for, whichever ſide of this is ex- 
cited, it will act like the waxed ſide of the above de- 
{cribed plate, that is, will render the metal plate ſet on 
it poſitive, and the oppoſite ſide will render it negative. 

If, inſtead of laying the electric plate upon the table, 
it be placed upon an electric ſtand ſo as to be accurately 
inſulated, then the metal plate ſet on it acquires ſo little 
electricity that it can only be diſcovered with an electro- 
meter; which ſhews, that the electricity of this plate will 
not be conſpicuous on one ſide of it, if the oppoſite ſide 


be not at liberty either to part with, or acquire more of, 
the electric fluid. In conſequence of this experiment, 
and in order to aſcertain how the oppoſite ſides of the 
electric plate would be affected in different circumſtances, 


I made the following experiments, 

Upon an electric ſtand I placed a circular tin plate, 
nearly ſix inches in diameter, which by a ſlender wire 
_ communicated with an electrometer of pith-balls, which | 
was allo inſulated; I then placed the excited electric plate 
of ſix inches and a quarter diameter upon the tin plate, 
with the wax uppermoſt, and on removing my hand 1 

from 
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Obſervations in Fledricity. 


from it, the electrometer which communicated with the 
tin plate, that is, with the under fide of the electric plate, 
immediately opened with negative electricity. If by 
touching the electrometer I take that electricity off, the 
electrometer will not afterwards diverge. But if now, 
or when the electrometer diverges, I preſent my hand 
open, or any other uninſulated conductor, at about one or 
two inches over the electric plate, without touching it, 
then the pith-balls diverge; or, if they diverged before, 
they come together, and immediately diverge again with 
poſitive electricity —Remove the hand, and the balls 
come together; approach the hand, and they diverge, 
and ſo on. 

If while the pith- balls diverge with negative electri- 
city, I put the metal plate upon the wax, the balls ap- 
proach each other for a little time, but ſoon open again 
with the ſame, that is with negative electricity. 

If, whilſt the metallic lies upon the electric plate, I. 
touch the former, the electrometer immediately diverges 
with poſitive electricity, which if by touching the elec- 
trometer I take off, the electrometer continues without 
divergence. I touch the metal again, and the electro- 
meter opens again; and ſo on for a conſiderable number 
of times, until the metal plate has acquired its full 


charge. On taking now the metal plate up, the electro- 
meter 
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meter inſtantly diverges with ſtrong negative elec- 


tricity. 


I repeated the above experiments with this only dif- 
ference in the diſpoſition of the apparatus: I put the 
electric plate with the excited ſealing-wax upon the 
circular tin-plate, and the glaſs uppermoſt : and the dif- 
ference in the reſult was, that where the electricity was 
poſitive in the former diſpoſition of the apparatus, it now 
became negative, and vice ver/a; except that, when I 
firſt lay the electric plate upon the tin plate, the electro- 
meter diverged with negative electricity as well in this 
as in the other diſpoſition of the apparatus. 

All the above experiments have been repeated with 
an electric plate, which, beſides the ſealing-wax coating 
on one ſide, had a ſtrong coat of varniſh on the other; 
and their reſult has been ſimilar to thoſe when the above 
deſcribed plate was uſed. 


Experiments on Colours. 


Having accidentally obſerved that an electric ſhock, 
ſent over the ſurface of a card, marked a black ftroke 
upon a red ſpot on the card, I was from this induced to 


try what would be the effect of ſending ſhocks over 


cards painted with different water colours. Accordingly 
+. I painted 
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I painted ſeveral cards with almoſt every colour I had, 
and ſent ſhocks over them when * were very dry: 
the effects were as follows“: 

Vermillion was marked with a ſtrong black track, 
about one-tenth of an inch wide. 

Carmine received a faint and ſlender impreſſion, of a 
purple colour. 

Verdigreaſe was ſhaken off from the ſurface of the 
card. 

White lead was marked with a ſtrong black track, 
not ſo broad as that on vermillion. 

Red lead was marked with a faint mark much like 
carmine. 

The other colours I tried were, orpiment, gamboge, 
ſap-green, red ink, ultramarine, Pruſſian blue, and a few 
others, which were compounds of the above, but they 
received no impreſſion. 

It having been inſinuated, that the ſtrong black mark, 
which vermillion receives from the electric ſhock, might 
poſſibly be owing to the great quantity of ſulphur con- 
tained in that mineral, I was induced to make the fol- 
lowing experiment. I mixed together equal quantities 
of orpiment and flower of ſulphur, and with this mix- 


(b) The force employed was the full charge of one foot and a half of coated 
glaſs, 
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ture, by the help, as uſual, of very diluted gum-water, 
"3 painted a card; but the electric ſhock ſent over this 
left not the leaſt impreſſion. 

Deſirous of carrying this inveſtigation on colours a 
little farther, I procured ſome pieces of paper painted on 
both ſides with oil colours“, and ſending the charge of 
two feet of coated glaſs over each of them, I obſerved 
that the pieces of paper painted with lamp-black, Pruſ- 
fian blue, vermillion, and purple brown, were torn by 
the exploſion; but white lead, Naples yellow, Enghih 
ochre, and verdigreaſe, remained unhurt. 

The ſame ſhock ſent over a piece of paper, painted 
very thick with lamp-black and oil, left not the leaft 
impreſſion. I ſent the ſhock alſo over a piece of paper, 
unequally painted with purple-brown, and the paper was 
torn where the paint laid very thin, but remained un- 
hurt where the paint was evidently thicker. 

Having repeated thoſe experiments ſeveral times, and 
with ſome little variation, they were attended with dif- 
ferent effects; however, they all ſeem to point out the 
following propoſition, 

I. A coat of oil-paint over any ſubſtance, defends it 
from the effects of ſuch an electric ſhock. as would other- 
wiſe injure it; but by no means defends it from the force 


(c) The colours were mixed with linſecd oil, 
I of 
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of every electric ſhock that can be given. II. No one 
colour ſeems preferable to the others, if they be equal 
in ſubſtance, and equally well mixed with oil; but a 
thick coating does certainly afford a better defence than a 
thinner one. 

By rubbing the above mentioned pieces of paper, I find 
that the paper painted with lamp-black and oil is more 
eaſily excited, and acquires a ſtronger electricity than the 
papers painted with the other colours; and perhaps on 
this account it may be, that lamp-black and oil might 
reſiſt the ſhock ſomewhat better than the other paints. 

It is remarkable, that vermillion receives the black 
impreſſion, when painted with oil, nearly as well as 
when painted with water. The paper painted with white 
lead and oil receives alſo a black mark, but its nature is 
very particular. The track, when firſt made, is almoſt 
as dark as that marked on white lead painted with wa- 
ter; but it gradually loſes its blackneſs, and in about two 
hours after it appears without any darkneſs, and when 
the painted paper is laid in a proper light appears only 
marked with a colourleſs track, as if made by a finger- 
nul, 
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Promiſcuous Experiments. 


Conſidering what a ſtrong fpark is obtained from the 
metal plate belonging to Mr. voLTA's machine, when 
not the leaſt ſpark can be obtained from the electric plate 
itſelf, I was naturally induced to make uſe of the above 
mentioned metallic plate in diſcovering the electricity of 
very weak electrics, which otherwiſe would be either in- 
obſervable, or ſo little as not to permit its quality to be aſ- 
certained. Accordingly, by the uſe of this plate, I obtain a 
very ſenſible electricity from the hairs of my legs and of 
my head, or the head of almoſt any other perſon, when 
ſtroaked. 

In this manner I obtain ſo ſtrong ſparks from the back 
of a cat, a hare's ſkin, a rabbit's ſkin, a piece of paper, 
or a piece of new flannel, that I can preſently charge a 
coated phial with either of thoſe, and ſo ſtrongly as to 
pierce a hole through a card with its diſcharge. 

I have often obſerved, that, when ſtroaking a cat with 
one hand I hold it with the other, I feel frequent ſmart 
pricklings on different parts of that hand which holds 
the animal. In theſe circumſtances very pungent ſparks 
may be drawn from the tips of the ears of the cat. 

5 Smooth 


Oer vations in Electriciv. 397 
Smooth glaſs rubbed with a rabbit's ſkin, dry and 
warm, acquires, I find, the negative electricity; but if 
the ſkin is cold, the glaſs is excited poſitively. 

New white flannel has alſo ſuch ſtrong electric power, 
that ſometimes I have excited ſmooth glaſs negatively 
with it. | 

Conſidering the ſtrong electric power of new white 
flannel, I thought that a piece of it rolled round the 
globe of an electrical machine would perhaps give a 
ſtronger electricity on the prime conductor than the glaſs 
itſelf. In order to try the truth of my ſuppoſition, I 
tied a large piece of flannel dry and warm round the 
globe of the machine; and for a rubber I applied the 
palm of my hand, then turned the winch, firſt ſlowly, 
and afterwards briſkly; but, contrary to my expectation, 
1 obſerved that the electricity at the prime conductor, 
although poſitive, was ſo weak, that the index of your 
electrometer was not moved. Surpriſed at this event, I 
reſolved to take off the apparatus; but I was more ſur-- 
priſed when, on removing the flannel from the globe, 
the former appeared ſo ſtrongly poſitive, that it darted 
ſeveral ſparks to my arm and other contiguous bodies; 
and the latter remained ſo ſtrongly negative, that your 
electrometer upon the prime conductor inſtantly elevated 
its index to about 45?. I repeated this experiment ſeve-- 
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ral times, and the effect Was always the ſame. The elec- 

tricity of the flannel and of the glaſs, therefore, balanced 

each other. | | | 
Having had occaſion to coat a ten-ounce phial, I ſtuck 

the inſide coating, which was of braſs filings, with var- 

niſh, agreeable to the directions given by ſome writers 


on electric.ty. This phial remained about a week unuſed; 
but it happened, that, whilſt I was charging and diſ- 
charging it for ſome experiments, I obſerved that on 
making a difcharge it exploded with a greater noiſe than 
uſual, the cork with the wire being at the ſame time 
blown out of the neck of it. Being intent upon the main 
experiments in hand, I omitted to examine the pheno- 
menon of the phial. I replaced the cork on it, and went 
on charging and diſcharging it again; but it had not 
been charged above three or four times more, when I 
obſerved that, on making a diſcharge, the varniſh that 
{tuck to the braſs filings was in a flame, which burned. 
the bottom and ſides of the cork conſiderably, and occa- 
ſioned a good deal of ſmoke and flame to come out of 
the bottle. You will recollect, that I repeated this expe- 
riment in the preſence of yourſelf, Mr. ADAMS, and Mr, 
COVENTRY, when it ſucceeded perfectly; but the varniſh 
was this time ſo far burnt, that the braſs filings, which 

by 
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by the combuſtion had changed their colour, were almoſt 
all dropped to the bottom of the phial. 

I ſhall conclude this paper with the deſcription of a 
pocket electrometer which I have lately conſtructed, 
and which, on ſeveral accounts, ſeems preferable to thoſe 
of the moſt ſenſible ſort now in ufe. The cafe and 
handle of the electrometer is formed by a glaſs tube 
about three inches long, and three-tenths of an inch in 
diameter; half of which is covered with ſealing-wax. 
From one extremity of this tube, that 1s, that without 
ſealing-wax, a ſmall loop of filk proceeds, which ſerves 
occaſionally to hang the electrometer on a pin, &c. To 
the other extremity of the tube, a cork 1s adapted, which, 
being cut tapering on both ends, can fit the mouth of 
the tube with either extremity. From one extremity of 
this cork two threads proceed, a little ſhorter than the 
length of the tube, ſuſpending each a little cone of pith 
of elder. When this electrometer is to be uſed, that end 
of the cork which is oppoſite to the threads 1s puſhed 
into the mouth of the tube, then the tube forms the 
inſulated handle of the pith electrometer, as appears in 
fig. 1. When the electrometer is to be carried in the 
Z 2ocket, then the threads are put into the tube, and the 
1 cork ſtops it, as is repreſented in fig. 2. The peculiar 


advantages: 
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advantages of this electrometer are, its convenient ſmall 
ſize, its great ſenſibility, and its continuing longer in 
good order than any other I have yet ſeen, as you have 
yourſelf experienced”, To preſerve this electrometer 
from injury, it ſhould be carried in a tooth-pick caſe, or 
ſome other of the like ſort. | 


(4) I have lately conſtructed a portable electrometer of another kind, which 
is contrived ſo as not to be affected by the wind or the rain, and coniequently is 
very convenient to examine the electricity of the clouds out of doors in time of 
thunder ſtorms: but I ſhall take another opportunity to prefent to the Royal 
Society a particular deſcription of the ſame. 
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XXI. Barometrical Obſervations on the Depth of the Mines 
in the Hartz. By John Andrew de Luc, F. R. S. In 
a Letter to Sir John Pringle, P. R. S. 


SIR, Pimlico, 


Feb. 8, 1977. 
Read —4 29, | HAVE the honour to lay before you 
1777. 


ſome obſervations on the Barometer, 
which I made during my ſhort journey into Germany; 
and beg, if you think them worthy its attention, that 
ou would communicate them to the Royal Society. 

I fat out with the hopes of being able to make a ſhort 
excurſion into the Hartz, to viſit ſome of the mines there, 
Theſe I knew were extremely deep; and it made me 
very deſirous to try in them my rules for meaſuring 

heights 
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Obſervations Barometriques fur la Profondeur des Mines du Hartz. 
Par Jean Andree de Luc, Membre de la Societe Royale, &c. dans 
une Letire au Chevalier Baronet Pringle, Pref. de lu Soc. R. 


MONSIEUR, 


J Al Phonneur de vous faire part de quelques obſervations du Barometre, que Pa 


Jai faites dans un petit voyage en Allemagne; vous priant de les commu- . 
niquer à la Societe Royale, ſi vous les trouvez dignes de ſon attention. g 
En partant pour ce veyage, Pavois Peſperance de faire une excurſion 
dans le Hartz pour y viſiter quelques unes de ſes mines. Je ſavois qu'elles 
Etoient fort profondes; et par conſẽquent j avois grande envie d'y eſſayer mes 
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heights by the Barometer, that I might know whether 
in thoſe pits (where exhalations of all kinds ſpread them- 
ſclves) the condenſations of the air follow the ſame laws 
that they do out of them. 7" 
I nearly miſcarried in this intereſting operation 
through an accident which had happened to my Ba- 
rometer. Having lent it to a friend, when I came to 
examine it a little before my ſetting out, I found that air b 
had ſome how got into it. Luckily 1 had time enough 
to take it to pieces and make the quickfilver boil in it; a 
circumſtance which I only mention in order to obſerve, 
that I ſucceeded ſo thoroughly in this manceuvre, yy 
from that time to this, the quickſilver has always ad- 
hered to the ſummit of the tube as often as I have raiſed | 
it to it, juſt in the ſame manner as it adheres by the 
ebullition. It requires a ſhake to make it deſcend: and 4 


ſometimes | 
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regles pour la meſure des hauteurs par le Barometre; pour ſavoir ſi dans ces 
puits, ou des exhalaiſons de tant d'eſpeces ſe rẽ pandent, les condenſations de 
Pair ſuivroient les memes loix qu' au dehors. 
Je faillis a manquer cette intẽreſſante operation par un accident arrive a mon 
Barometre. Je Vavois prete; et lorſque- je Pexaminai à la veille de mon depart, 
* je trouvai qu'on y avoit laifſe entrer de Pair. Peus le tems heureuſement de le 
demonter, et d'y faire bouillir le mercure: circonſtance dont je ne fais mention, 
| que pour ajouter; que je reũſſis ſi parfaitement dans cette operation, que des cc I 
moment, pendant tout mon voyage, et juſqu'a aujourd'hui, le mercure a tou- 
jours continue de s'attacher au ſommet du tube, lorſque je I'y ramene; Þ N 
comme il s' attache au moment de P'ebullition: et il n'en deſcend que par une 
ſecouſſe. 
. 
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iometimes the column breaks beneath the ſummit, and 
there remain only ſome lines of the quickſilver ſuſ- 
pended to the top. 

It is for barometers cleared of air to this degree that 
my formulz have been determined: and I had the ſatis- 
faction to find that they anſwered in the Hartz juſt as 
they had done upon the mountaias in the neighbourhood 
of Geneva, where they took their origin. 


Another remarkable circumſtance which relates to the 


Barometer itſelf is as follows. Having occaſion for cor- 
reſponding obſervations in ſome places of my rout, I ap- 
plied to obſervers who had good Barometers; amongſt 
which I met with one of Mr. DoLLOND's. Theſe Baro- 
meters I compared with my own, being well affured 
beforehand, that I ſhould find a difference in the heights 
indicated, from the circumſtance of their having ciſterns 


* 
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ſecouſſe. Quelquefois meme la colomne ſe romp au deſſous du ſommet, et il 
ne reſte que quelques lignes de mercure ſuſpendu. 

C'eſt pour des Barometres purges air a ce point, que mes formules ont &t6 
d-terminces: auili ont-elles r.uffi d:ns le Hartz, t ut comme dans les mon- 
ta nes des environs de Geneve, ou elles ont pris naiſſance. 

Voici encore, Monſieur, une circonſtance remarquable, qui regarde le Baro- 
m.tre eine. Ayaat eu bcio.n en quelques endroits de ma route, obſervations 
correipordentes, je adreſſai à des amateurs, qui avoient de bons Baromctres. 
Jen trouvai un entr' autres de M. pol Log p. Je caparai ces Baromẽtres au 
mien, Ctant bien 1fure de trouver de la difference dans la hauteur indiquee 
parcequ'tls avoicnt des reſervoirs en bas; ce qui fait que la colomne barome- 
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at the bottom, which makes the barometricat column 
always ſhorter in thefe than it is in a plain tube in the 
form of a ſyphon, as I have ſhewn in my treatiſe on the: 


Modifications of the Atmoſphere. Accordingly this was. 


the caſe in all theſe Barometers; they did all ſtand lower 
than mine, but varied from each other, according to par- 
ticular circumſtances, depending chiefly on the diame- 
ter of the tube, and the figure of the ciſtern. 

In going from Hanover to the Hartz I. went through: 
Gottingen, where I did. not ſtop then, becauſe I wiſhed 
to make uſe of the fine weather. I left it therefore with- 
out having ſettled any thing about correſponding obſer- 
vations of the Barometer, Profeſſor LICHTENBERG having 
been kind enough to undertake the care of procuring. 
them for me; the compariſon of the inſtruments being 
deferred till my return. Profeſſor ERXLEBEN was accord-- 


ingly- 
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trique y eſt toũjours plus courte, que dans un tuyau ſimple en forme de ſyphon; : 
comme je Pai expliquẽ dans mon Quvrage ſur les Modifications de l Atmoſphere. 
C'eſt auſſi ce que je trouvai dans tous ces Barometres: ils ſe tenoient tous plus 
has que le mien; mais-diverſement, ſuivant quelques circonftances particulières, 
dependantes principalement. du diametre du tube, et de la figure du reſervoir. 

En allant de Hanovre au Hartz, je paſſai par Gottingue, .ou je ne m' arrẽtai 
point alors, parce que je voulois profiter du beau tems. Pen partis donc, ſans 
avoir rien determine pour des obſervations correſpondantes du Baromẽtre; M. le 
Profeſſeur LICHTENBERG ayant bien voulu ſe charger du ſoin de m' en procurer; et 


renvOyant à mon retour la comparaiſon des inſtrumens. Il s'adreſſa pour cet effet ; 


a M. le Profeſſeur ERXLEBEN; parce qu'il avoit un Barometre fait d'un ſimple 
tube 
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ingly applied to by him, becauſe he had a Barometer made 
of a ſingle bent tube upon the principle of mine. During 
my journey Mr. ERXLEBEN was ſo good as to obſerve this 
Barometer very frequently; and it is from his obſerva- 
tions that the heights of ſome of the places of the Hartz, 
which I ſhall mention, have been determined. 

At my return, I placed my Barometer near that of 
Mr. ERXLEBEN; and, when they were expoſed to the ſame 
temperature, there was found no difference between 
chem. 
= This example, joined to all thoſe with which my own 
experience has furniſhed me for a long time paſt, makes 
me more and more ſolicitous that the lovers of natural 
philoſophy would fix the ſcale of their Barometers with. 
ciſterns (very convenient ones no doubt for common uſe) 
by comparing them with a Barometer made in the form 

of 
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tube recourbe, ſur la principe du mien. M. ERxLEBEN eut la bontẽ d'obſerver 
tres frequemment ce Barometre pendant mon voyage; et c'eſt d après ſes obſer- 
vations, que j'ai determine. les hauteurs de quelques -endroits du Hartz dont je 
ferai mention. 

A mon retour y apportaĩ mon Baromẽtre aupres de celui M. erxLEBEN; -et: 
quand ils furent reduits a la meme temperature, il ne ſe trouva entreux aucune 
difference. . 

Cet exemple ſe joignant à tous ceux que mes propres experiences m'ont fourni 
depuis long tems, me fait defirer toũjours davantage que les: Phyficiens veuil- 
lent bien fixer Pechelle de leurs Barometres à reſervoir (tres commodes ſans doute 
pour Puſage ordinaire) en les comparant à un Barometre fait en forme de fiphon ; ; 

3 et | 


406 M. Dt LuC's Barometrical Ob/ervations on 
of a ſyphon, and not by any immediate meaſure com- 
mencing at the level of the quickſilver in the ciſtern. 
This is the ſureſt method to render exactly corre ſpon- 
dent thoſe obſervations which are made with Barometers 
which one cannot compare together; at the ſame time 
that the barometrical height expreſſed by Barometers of 
this form is the only true one; that is to ſay, the only 
one which, after the correction for the heat, exprefles 
the weight of the air, by the height of a column of 
quick filver of a given denſity, with which it is . in 


equilibrio 53 
I ſhall begin the account of my obſervations of the 
Barometer in the Hartz by thoſe which I made in places, 
the height of which is aſcertained. | 
Knowing that the ore is drawn up in pales from 
the pits of the mines, I thought at firſt that it would 
be 
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et non par une ineſure immediate, qui parte du niveau du mercure dans Je reſer-- 
voir. Oeſt le plus ſur moyen de rapporter avec exactitude les unes aux autres, 
des obſervations faites avec des Barometres que l'on n'a pu comparer; en meme 
tems que la hauteur baromẽtrique exprimee par Jes Barometres de cette forme, eſt 
la ſeule vraie; c'eſt a dire la ſeule qui, apres la correction pour la chaleur, ex- 
prime le poids de l'air par la hauteur d'une colomne de mercure de denſité 
donnee, avec laquelle il eft reellement en équilibre. 

Je commencerai, Monſieur, le rect de mes eblervations du Baromẽtre dans le 
Hartz, par cel:es que J'ai faites en des lieux dont la hauteur eſt connue 

Sachant que on monte le minerai dans des ſeaux, par les puits des mines, 


j; avois cru d'abord qu'il me ſeroit poſſible de meſurer ces profondeurs au cordeau; 
| ct 
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be eaſy to meaſure their depth with a ling, and I had 

accordingly provided myſelf with alli the neceſſary im- 
plements for that purpoſe;- but when I arrived at Clauſ- 
thal, the principal place of the King's Wines; I found that 
thoſe pits, being dug in the direction of the veins of ore, 

are too inclined to make ſuch a mode of menſuration 
practicable. e. 

At firſt this gave mel gear concern, becauſe I had 
my experiments much at heart; but I was ſoon made 
eaſy by Baron REDEN, 'Captain-general of the mines. 
« You do not want theſe meaſures,” ſaid he, © ſince it is 
ef much more conſequence to us, than it can poſſibly 
ce be to you, to know exactly the depth of all the points 
c of theſe mines. Without ſuch knowledge, how could 
« we direct ourſelves in boring from one to the other?” 
This conſideration did in fact diſpel all the ſcruples 
which had made me defirous of meaſuring the depths 


mylelt, 
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et je m' ẽtoĩs muni des choſes neceſſaires a cet effet. Mais lorſque je fus arrive a 
Clauſthal, chef lieu des mines du Roi, j appris que ces puits, creuſes dans la 
direction des filons, ſont trop inclinẽs pour que cette eſpece de meſure ſoit 
poffible, Jy eus d'abord beaucoup de regret; parce que javois fort a coeur 
ces experiences: mais M. le Baron DE REDEN, capitaine-gencral des mines, me 
tranquilliſa bientot, © Vous n'avez pas beſoin de meſurer, me dit-il, il nous 
** 1mporte bien plus qu'a vous de connoitre exactement la profondeur de tous 
les points de ces mines. Sans cela, comment nous dirigerions- nous, pour 
* percer de Pune a Fautre?” Cette conſide ration en effet, fit diſparoitre pleine- 
ment 
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408 M. DE LuC's Barometrical Obſervations on 
myſelf, and by ſo doing gave me time for a greater num- 
ber of obſervations. 
The firſt of this kind were made in three mines in the 
environs of Clauſthal; called the Dorothea, the Caroline, 
and the Benedict. Mr. DE REDEN and Meſſ. HELZENER and 
FRIEDRICH, chief officers of the miners, went down with | 
me; and, whilſt we were penetrating into the bowels of ; 
the mountain, Mr. LEYSER, ſyndic of the mines, and a | 
lover of meteorolo gical obſervations, was obſerving every | 
quarter of an hour, at the top of the pit into which we 
had deſcended, a barometer and thermometer which 
have been ſince compared with mine. 5 
I had obſerved my Barometer at the mouth of the g 
Dorothea pit when we were going into the mine at ; 
half an hour after eleven in the morning; I obſerved it | 
| at 
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ment les ſcrupules qui m' avoient fait deſirer de meſurer moi-meme ces pro- 
fondeurs; ce qui me facilita un plus grand nombre d' obſervations. ö 

Les premieres de ce genre furent dans trois mines contigues des environs de 
Clauſthal; nomm&es la Doroth&e, la Caroline, et la Benedite. M. pt ARDEX 
et Meſſ. HELZENER-et FRIEDRICH, premiers officiers des mineurs, ſe donnèrent 
la peine d'y deſcendre avec moi: et.tandis que nous nous enfongions dans le ſein 
de la montagne, M. LEYSER, ſindic des mines, et amateur des obſervations : 
mẽtẽorologiques, obſerva de quart d'heure en quart d'heure, au haut du puits 
par lequel nous Etions deſcendus, un baromẽtre et un thermometre, qui furent 
depuis compares aux miens, 5 

Pavois obſerve mon Barometre en entrant dans les mines à 114 h. du matin, 
au haut du puits de la Dorothee; je Vobſervai au fond de ce puits à 14 h.; au s 
fond 


iber Depth. H Mines, in Pe. Hartz. +, 429, 
at, the bottom of this pit at a quarter paſt one velocks 
at the bottom of the Caroline,. at a: quarter paſt three. 
o'clock ; in the loweſt ſearching gallery of the Benedict, 
at ſix o clockꝭ and again, at the mouth ot. the Dorothy... 
on our return, at ſeven o'clock. During the ſev en hours 
and a half that we had: ſtaid im the mines, the Sreateſt. 
variation of the Barometer had not exceeded a quarter, of 
a line; and Mr. LEYSER's obſervations indicated the times 
when this variation had taken place. a 

"At my return] caltutated theſe obſervations, and gave. 
the reſults to Baro REDEN, in order that the ſubter- 
raneous Geometer miglit compare them with the regiſters 
which are kept of the depths of all theſe mines. The- 
following are the refults of theſe calculations, the- Parti- 
culars of which I likewiſe ſend you. 


The 
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fond de celui de la Caroline à 31 h.; dans la galerie de recherche la plus baſſe 
de la Benedicte a 6 h.; et enfin je l'obſervai encore à 7 h. ẽtant de retour a 
Ventree du puits de la De Pendant les 74 h. que nous ctions reſtés dans 
les mines, fa plus grande variation avoit ẽtẽ d' 4 ligne; et les obſervations de 
M. LEYSER me marquoient les tems où cette variation s'6toit faite. 

Au retour je calculai ces obſervations, et j'en remis les reſultats a M. le Baron 
DE REDEN, pour les faire comparer par le Geometre ſouterrain, avec les regitres 
tenus de toutes les profondeurs dans les mines. Voici, Monſicur, les reſultats * 
de ces calculs, dont Jai Phonneur de vous envoyer auſſi les details, - 
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410 M. vs Luc's Barometrical Obſervations on 

I | French toiſcs 

i The depth of the Dorothy pit between two 

1H ; 16 8,96 

fixed points, 

That of the Cardline, relatively to the ſame 
point at the mouth, | 3 

That of the loweſt ſearching gallery of the 

Benedict, relatively to the ſame point, ö 143,96 


Mr. FRIEDRICH was appointed to give me the geome- 
trical meaſures. He had been preſent at my obſerva- 
tions, and found the reſults of them ſo near thoſe mea- 
ſures, conſidering they had been furniſhed by a method 
ſo eaſy, and according to his notions ſo extraordinary, 
that he gave me a certificate in due form of the real 
heights, which are as follows: 


The 
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Toiſes de Fr. 
La profondeur du puits de la Dorothee, entre deux points fixes, 168,96 
Celle du puits de la Caroline, relativement au meme point d'enhaut, 170,74 
Celle de la galerie de recherche la plus profonde de la Benedifte, de meme, 143,96 


Ce fut M. rxIEDRICH, qui fut charge de me communiquer les meſures geo- 
mẽtriques. Il avoit ẽtẽ temoin des obſervations; et il en trouva les rẽſultats fi 
pres de ces meſures, pour avoir ẽtẽ fournis par une route fi aiſce et fr finguliere 
a ſes yeux, qu'il m'expedia un certificat en duẽs formes de ces hauteurs reelles : 
elles Etoient comme ſuĩt: 
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Lackters. 
The depth of the Dorothy, from the points 
1725,31 
of obſervation, | 
That of the Caroline, 173,92 
The gallery of the Benedict, 144,79 


I could not at firſt judge of the agreement of the two 
meaſures, becauſe it was neceſſary to know the relation 
between the Lachter and the French Toiſe. I had brought 
with me a very accurate half Toiſe, which we compared 
with the half Lachter, and found the latter ſhorter than 
the former in the proportion of 61 to 62. 

Reducing then, according to this proportion, the geo- 
metrical meaſures above mentioned into French toiſes, 
we ſhall have, 


The 
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Lachters, ou toiſes 
du Hartz. 
Le puits de la Dorothee en partant des points des obſervations, — 172, 31 
Celui de la Caroline, 173,92 
La galerie de la Benedicte, — 3 — 144,79 
Je ne pus pas juger d'abord du rapport des deux meſures, parcequ'il falloit 
connoitre celui de la Lachter avec la Toiſe de France. Javois apportẽ avec moi 
une demi Toiſe fort exacte; nous la comparames i la demi Lachter, et nous trou- 
vames celle · ei plus courte que la demi Toiſe dans le rapport de 61 à 62. 
En reduiſant donc ſuivant ce rapport, les meſures geometriques ci- deſſus en 
Toiſes de France, nous aurons: 
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French toiſes, 


due pit of the Dordthy, © 469,88 
i That of the Caroline, 1741,12 
| The gallery of the Benedict, 1 


r 


barometrical ones, r they only differ by 


[ | Toiſes, 
In the ſecond, .0,38 ſhort. 


In the third, 

1 was really. ſurprized to have come ſo near to the 
geometrical meaſures (which, as I ſhall have occaſion to 
mention hereafter, may be looked upon as the real 
heights) for I had imagined, that the exhalations of-all 


1554 excels. - 


kinds 

Toiſes de Fr. 
. Le puits de la Dorothée, — =. 1 8 169,53 

| Celui de la Caroline, — — | 171,12 


La galerie de la Benedicte, — — — 142, 42 


Les mefures geomẽtriques 8 approchent alors de bien pres des meſures baro- 
mẽtriques; puiſque celles-ci different ſeulement des autres ſavoir : 


Toile, 
8 'Dans la premiere obſervation de, 0,57 en defaut. 
| Dans la ſeconde de, | 0, 38 auffi en defaut. 
1 Dans la troifieme de, 1, 54 en excẽs. 


Je fus rcellement ſurpris d'avoir approche de f1 pres des meſures geometriques; 
qui, comme J'aurai occaſion de le dire enſuite, peuvent ètre regardees comme 
| les hauteurs reclles, Car j'avois imagine, que les exhalaiſons de toute eſpece 


qu! 


+» the'Depth' of the Mines in the Hartz- 41g 
kinds in the mines muſt in fome meatare affect the com- 
mon laws of the air's elaſticity in different, degrees of 
heat, if not its abſolute elaſticity. On ve flecting, how cyeęr, 

on this ſingular conformity of the air in mines with: the 
external air, I ſoon found the cauſe of it in the extreme 


care taken to procure a circulation of external air in the 
mines, in order to prevent the pernicious effects of the 
exhalations: ſo that the ſame means, which really pre- 
ſerve the health of the miners in their ſubterraneous 
abodes, give the air which circulates in them, and more 
eſpecially that of the pits in which are the principal 
currents, the properties of the external air as to baro- 
metrical meaſurements. Doubtleſs this is the cauſe of 
that intereſting phenomenon, as ſatisfactory for the ſe- 
curity it gives to the lives of the miners, as for the ap- 
plication of the laws of aerometry : this was again con- 
firmed by obſervations I made ſome days after in other 

mines, 
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qui ſe rẽpandent dans les mines, devoient y alterer les loix communes de Felaftt- 
cite de l'air en differens degres de chaleur; et peut- etre ſon Elaſticits ablolue, 
Mais en reflechiſſant enſuite ſur cette ſinguliére conformité de l'air des mines, 
avec Pair exterieur, jen appercus la cauſe dans le ſoin extreme qu'on prend d'y 
faire circuler Pair extérieur, pour empecher les mauvais effets des exhalaiſons. 
Ainſi les memes moyens qui conſervent rcellement la ſanté des mincurs dans 
leurs demeures ſouterraines, donnent à Pair qui y circule, et ſurtout dans les 
puits, ou ſont les principaux courants, les proprictes de Lair extérieur dans les 
meſures barometriques, C'eſt là ſans doute la cans de cet inicrelſant phẽno- 
mene, auf tranquilliſant tur le fort des mincurs, que ur Papplicatic n des regles 
Jaëromẽtrie. Ce. qui ſe confirme encore par d'autres obſervations que je fis 
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large fragments. The method then is to light great fires 
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mines, where indeed I met with ſome irregularities, but 
not ſuch as might have been expected from barely con- 
fidering the local circumſtances. 

Theſe mines are in the Ramelſberg near Goſlar. The ! 
ore that is chiefly extracted from them, as well as from 
thoſe of Clauſthal, is lead; but they are worked in anu-- 
ther manner. The vein of ore, which is near eighteen toiſes 
broad, is extremely impregnated with pyrites: inſomuch 
that, when you heat it, the vapour of the ſulphur, which | ; 
diſengages itſelf, burſts the ſtone, which falls down in 


againſt the rock; and, when they are extinguiſhed, the 
miners aſſiſt with their inſtruments the fall of the ſtones, 
that may ſtill remain ſuſpended. 
Sulphureous vapours, therefore, conſtantly diſengaged 
from the heated ore, circulate in the caverns of the 
mountain, 


— 


quelques jours après dans d'autres mines, ou je trouvai quelque irrEgularite, mais 
non point ſuivant ce que les circonſtances locales ſembloient devoir en produire. 

Ces mines ſont dans le Ramelſberg, pres de Goſlar. Elles fourniflent prin- 
cipalement du plomb, comme celles de Claufthal ; mais on les exploite d'une 
autre maniẽre. Le filon, qui a pres de 18 toiſes de largeur, eſt extremement 
penetre de pyrite; tellement qu'en Fechauffant, les vapeurs du fouffre qui fe 
degage, font crevaſler la pierre, qui tombe d'elle-meme en grand lambeaux. On 
allume donc de grand feux contre le rocher; et lorſqu' ils font Eteints, les mineurs 
aident avec des inſtrumens, la chute des pierres qui font encore ſuſpendues. 

It ſe detache donc preſque conſtamment du minerai echauffe, des vapeurs ful- 
fureuſes, qui circulent dans les cavernes de la montagne, et dans les puits et 
| ſoupiraux 
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the Depth of the Mines in the Hartz. 415 
mountain, and in the vents and pits by which they com- 
municate with each other. The day Ientered them, was a 
day of reſt for the miners; and there was no other fire but 
that which Mr. ROEDER, their principal, was kind enough 
to order to be lighted, that I might form an idea of this 
method of working mines. Notwithſtanding this, I could 
perceive here and there ſulphureous vapours, which in 
ſome places were even ſtrong enough to occaſion a very 
troubleſome ſenſation of ſuffocation. In ſome places I 
felt the remainder of the heat communicated to the rock. 
from whence theſe vapours were exhaled; and in ſome 


© caverns, where the fire had only been put out the even- 


ing before, FAHRENHEIT's thermometer roſe to 1 109. But 
this very heat is a moſt powerful ventilator, as it makes 


| the external air circulate in theſe mines. Indeed the cur- 
rents of air are fo rapid in them, that one is obliged to 


have 
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ſoupiraux par leſquels ces cavernes communiquent les unes aux autres, Le jour 
que j'y entrai ẽtant un jour de repos pour les mineurs, il n'y eut de feu dans les 
mines, que celui que Mr. ROEDER leur chef eut Phonnetete de faire allumer 
pour me donner une idee de cette exploitation. Cependant Jappergevois ga et 
la des vapeurs de ſouffre; et ſouvent meme elles ẽtoĩent aſſez fortes, pour in' oc- 
eafioner un ſentiment de ſuffocation tres penible, Quelquefois auſſi j ẽprou- 
vois les reſtes de la chaleur communiquee au rocher dou ces vapeurs sex ha- 
loient: et dans quelques cavernes ou le feu n'etoit ẽteint que dès la veille, le ther- 
mometre de FAHRENHEIT, monta juſqu'à 110*: mais cette chaleur meme eſt 


un ventillateur tres puiſſant, pour faire circuler Pair exterieur dans ces mines. 
; Auffi les courants d'air y ſont-ils fi rapides, qu'on eſt oblige d avoir des portes à 


5 Veatree. 


44 6d M. UU Yetrical Gerin vn 
have doors at the entrance of each gallery; and ſome. 
times many of them one after an other; without Whieh it 
would: not be pofltble 70 keep AYE Bgtite® in 
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theſe ſubterraneous regions i 

It is probably to this conſtant renewal = 618 air; that 
the miners of Ramelſberg are indebted - fbr the- 8058 
health they enjoy, notwitliſtanding the- prockgious heat 
they feel while they are at work, andtheqquantity of ſul- 
phur which exhales from every Part; and-it is Iiewiſe 
probably from this caufe that my barometrical obſerva- 
tions gave me the heights more exactly than I could N 
have expected from theſe circumſtances. The following ; 
are the reſults of theſe obſervations the- -particulars of | 


which you likewiſe have ſubjoined. | 


Height 
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entree de toutes les galeries; et quelquefois meme pluſieurs de ſuite; ſans quoi 
il ne ſeroit pas poſſible de tenir les lampes allumees dans ces ſouterrains. 

C'eſt fans doute à ce renouvellement continuel de Pair, que les mineurs du 
Ramelſberg doivent la bonne fante dont ils jouiffent, malgre la chaleur prodi- 
gieuſe qu'ils ẽprouvent pendant le tems de leur travail, et la quantitẽ de ſouffre 
qui $'exhale de toute paxt: et c'eſt auſh probablement la cauſe, de ce que mes 
obſervations du Barometre, me donnerent les hauteurs, plus exactement que je 
ne P'attendois dapres ces circonſtances. Voici, Monfieur, les reſultats de ces 
obſervations, dont vous avez auſſi les détails ci-joint. 
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| French toiſes. 
Height of the gallery of Breitling, above the] _ 
bottom of the pit of Kaunkuhl, ö 44,41 


Height of the entry of the mines, above the 
gallery of Breitling, „ 
Height of the top of the pit of Kaunkuhl, 
above the entry of the mines, by _ 41,27 
obſervations, 


Depth of the pit of Kaunkuhl, meaſured in 
three parts, one of them without the mines, r 


Depth of the ſame pit, determined by imme- 
diate obſervations made at the top and the 1 13, 1 3 
bottom, 


I could not get the geometrical meaſures the ſame 
day, becauſe there was not time enough left to look for 
them 


, — * — 
. 


— * 


Toiſ. de Fr. 
Hauteur de la galerie de Breitling, ſur le fond de puits de Kaunkühl, 44,41 
Hauteur de Pentrẽe des mines, ſur la galerie de Breitling, 27,04 


Hauteur du haut du puits de Kaunkühl, fur Pentree des mines, par w 2 T 27 
obſervations exterieures, 4 


Profondeur du puits de Kaunkühl, meſure en trois portions, dont une 
V WW "F.. . I 12,72 
a Vextericur des mines, 


— 


—— 


113,13 


Profondeur du meme puits, determince par des obſervations my 
diates, au fond et au haut, 


Je ne pus pas avoir d'abord les meſures geometriques; parce qu'il ne reſta pas 
Vo. LXVII. II i aflez 
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418 NM. DE Luc's Barometrical Obſervations on 
them then. But the day after Mr. ROEDER ſent them to 
Mr. DE USLER, Comptroller of the treaſure, who had been 
kind enough to accompany me to Rametſberg, and in 


all my ſubterraneous rambles. Mr. ROEDER likewiſe 
came with-us; he took notes of the places where the 


obſervations. were made, and ſent the following mea- 
ſures, which I have reduced into French toiſes. 


French toĩſes. 4 


Hei ght of the gallery of Breitling, above the | * | 
bottom of the pit of Kaunkuhl,. [ 4 pions ; 
Height of the entry into the mines, above the f 


gallery of Breitling, 
Height of the top of the pit of Kaunkuhl, 
above the. entry of the mines, . 
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aſlez de tems pour les chercher le meme jour. Mais des le lendemain M. 
ROEDER les envoya a M. Dt usLER, Controleur du tréſor, qui avoit eu la 
bonte de me conduire au Ramelſberg et dans toute ma route ſouterraine. M. 
ROEDER nous y avoit accompagnes; il avoit pris note des lieux on s'ẽtoient faites 
les obſerva ions; et il envoya les meſures ci- après, que Jai ſeulement changes 
en Toiſes de France. 


Hauteur de la galerie de Breitling, fur le fond du puits de Kaunkühl, 46,80 
Hauteur de PFeutree des Mines ſur la galerie de Breitling, 25,70 
Hauteur du haut du puits de Kaunkühl fur Ventree des mines, 


rte Depth uf the: Mines in the Hartz. 42H 
Hence it follows, that in the meaſurement of the 
total height of the pit, the barometrical meaſure dif- 
fered from the geometrical one by o, 81 toiſe, or about 
rs in defect; that in the meaſurement of a part only of 
this height, made without the naine, it differed only 
by o, d gj, or about 50, likewiſe in defect; but that in the 
two other portions of the height, taken within the mine; 
it differed in the one by +; in defect, and in the other 
by r in exceſs: and hence we obſerve, that the ab- 
ſolute errors are only of 2; toiſes and 1; toiſe; and that 
theſe ſmall differences may have ariſen from ſome fauk 
in the obſervation, as well in ſmall heights as in greater 
ones: and in this caſe, where the errors are in defect 
and excels, it is probable that they ariſe from ſome ſuch 
cauſe; and that the ſulphureous vapours have little or 
nothing to do with them. 


Having 
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Il reſulte de 1a, que ſur la hauteur totale du puits, la meſure barometrique a 
differe de la meſure geometrique, de ©,81 toiſe, ſoit d'environ , en defaut,; 
que dans la meſure d'une partie de cette hauteur, faite en dehors des mines, 
elle n'a differe que de 0,05, ſoit d environ y3s, auffi en defaut: mais que dans 
les deux autres portions de la hauteur, priſe ſans VintErieur de la mine, elle a 
difftere dans Pune d' g en defaut, et dans l'autre d' r en exces, Sur quoi il 
faut remarquer; que les erreurs abſolues ne ſont que de 24 toiſes, et d' 14 toiſe; 
et que ces petites differences peuvent reſulter de quelque defaut dans l'obſervation, 
auſſi bien ſur de petites, que ſur de grandes hauteurs. Et dans ce cas- ci, ou 
les erreurs ſont en excẽs et en de faut, il eſt bien probable qu'elles tiennent à cela, 
et que les vapeurs ſul fureuſes n'y entrent pour rien de ſenſible. 
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420 M. Dx Luc's Barometrical Obſervations on 
Having made theſe experiments within the mines, I 
was deſirous of making ſome in the open air, which I 
had ſoon a very agreeable opportunity of doing; for 
having communicated my defire to Mr. REDEN, he and 
Mr. RAUSCH, the principal of the ſubterraneous geome- 
ters, were ſo good as to be of the party. The latter had | 
had occaſion to determine moſt accurately the height of 
two external points of the Hartz, relatively to the mines | 
of Clauſthal and Zellerfeld. Nothing more, therefore, 
was required but to obſerve the Barometer at the entry 
of a certain mine, which was a fixed point, and to 
obſerve it again at theſe two external points; one of 
which was about 3000o toifes horizontal diſtance, beyond 
a ſmall hill; and the other, 5000 toiſes off, entirely 
without the Hartz. ; 


We 
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Apres avoir fait ces experiences dans l'intẽrieur des mines, je defirois beaucoup 
dCerfaire auſſi en plein air. L'ayant temoigne a M. DE REDEN, il m'en fournit 
un moyen tres agreable ; car lui meme, et M. RAvsch chef des geometres ſou- 
terrains, furent de la partie. Ce dernier avoit eu beſoin, à Poccafion d'un projet 
de galerie Fecoulement, de determiner avec la plus grande exactitude la hauteur 
de deux points exterieurs au Hartz, relativement aux mines de Clauſthal et de 
Zellerfeld. 11 ne gagiſſoit done que de faire Pobſervation du Barometre a Ventree 
d une certaine mine, qui Etoit un point fixe; et de Paller faire enſuite à ces deux 
points extẽrieurs; dont Pun Etoit a environ 3000 toiſes de diſtance horizontale, 


au de Ia d'une colline, et l'autre A 5000 toiſes, eaticrement au dehors du 


Hartz, 
5 | Nous 
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We carried this project into execution on the goth of 
October, when I found the following heights by the 
calculations hereunto annexed. 

s French toiſes, 
Height of the entry of the mine, called Alte 

Seegen, above a certain point in the valley f 102,18 

of Bremeke, 

Height of the entry of the ſame mine, above 

another point near Lasfelde, in the valley þ 173,8 1 

of Oſterode, 

After I had calculated theſe obſervations, Mr. Rausca 
was ſo good as to give me a profile of our rout, on which 
the points above mentioned were marked. Their hei ghts, 
reduced to French toiſes, are as follow: 


The 


. 
_ * A i * — 
* 


Nous exẽcutàmes ce projet le 30 Octobre; et je trouvaĩ les hauteurs ſuivantes 
par les calculs ci joints de mes obſervations, 


Toiſes de Fr. 

Hauteur de entree de la mine, nommee Alte Seegen, au deſſus = 102,18: 

certain point dans la vallee de Bremeke, | 
Hauteur de la meme entree de mine, au deſſus d'un autre point Py 175,80 

de Lasfelde, dans la valice d'Ofterode, Wh 

Apres que j eus calculẽ ces obſervations, M. Ravscn eut la bonte de me 
donner un profil de la route que nous venions de faire, on les points ci-deſſus 
etoient marquẽs. Leur hauteur, reduite en Toiſes de France, eſt comme ſuit. 
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The point of the valley of Bremeke below = 100,85 
Seegen, 

That of the vile of Ofterode, T7 3,56 

Conſequently, one of theſe barometrical meaſures, 
taken in open air, was found to agree very nearly with 
the geometrical meaſure; and the other differs only 15 
toiſe in exceſs. 

The only thing that remained to be enquired into was, 
whether the geometrical meaſures could really be relied 
on; but I ſoon found that I might truſt to the impor- 
tance they were of to the miners, as well as to the daily 
experience of the truth of them; although they be 
made in ſo very ſingular a manner, that one does ſtand 


in need of this experience, to be perſuaded of their 
exactneſs. 


A twiſted 
Le point de la vallee de Bremeke, au deſſous d' Alte Seegen, 100, 8 5 
Celui de la vallee d'Ofterode, q 173, 86 


Ainſi, Pune de ces meſures baromẽtriques faites en plein air, geſt trouve 
preſquꝰ entiẽrement ſemblable a la meſure geomẽtrique; Vautre n' en differe que 
une toiſe et un tier en excès. 

Il nes agifloit plus que examiner, ſi les mẽſures geometriques Etoient vrai- 
ment dignes de confiance, Mais je vis bientot, que je pouvois me repoſer à cet 
.egard fur Pimportance dont il eft pour les mineurs qu'elles le ſoyent; et fur 
\Pexperience qui les verifie tous les jours. Cependant elles s exẽcutent d'une 
manieère ſi finguliere, qu'il faut reellement cette experience, pour ſe perſuader 
qu'elles ſont exactes. 


'Ur 
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A twiſted braſs wire five toiſes long, two puncheons, 


a ſemi-circle, and a compaſs, are all the inſtruments made 
uſe of by the ſubterraneous Geometer. By means of his 


two puncheons, he extends his wire in the direction of the 
way which he is meaſuring : and by practice he acquires 
a habit of always ſtretching it to the ſame degree. His ſe- 


mi-circle, which is very light, being ſuſpended at the mid-- 
dle of the wire, ſhews him its inclination. By this means 
he has a right-angled triangle, of which the hypothenuſe 
and angle at the baſe are known. He has conſequently 
the vertical height and horizontal diſtance gone over. 
After this he ſuſpends his compaſs to the wire, in order 
to find out its declination, and conſequently the direction 
of his horizontal line. It is in this manner that he draws - 
the plan and ſection of theſe ſubterraneous labyrinths. It 
is ikewiſe by this means that he goes over hills and vales, 
In 


— 


2 — 


Un fil de leton tordu de 5 toiſes, deux poingons, un demi-cercle, et une bouſſole, 
ſont tous les inftrumens du Geometre ſouterrain. Il ẽtend ſon fil, par le moyen 
de ſes deux poingons, dans la direction du trajet qu'il meſure; Phabitude le lui 
fait tendre toũjours au meme degré. Son d mi-cercle, qui eſt fort leger, ẽtant 

ſuſpendu au milieu de ce fil, lui en m--nre Vinclinaiſon; il a par ce moyen un 
25 tri ingle rectangle, dont Ph: pothenuſe et Pangle ſur la baſe lui {ont connus: 
il a donc la hauteur verticale et la diſtance horizontale parcourues, II ſuſpend 
egnſuite ſa bouſſole au meme fil, pour en connoitre la declinaiton. et par conlie- - 
quent la direction de (a ligne horizontale. C'eſt ainſi qu'il tire, le plan et la 
coupe de ces labyrinthes ſouterrains: et c'eſt ainſi encore qu'il va chercher au 


3 dehors - 


424 M. DE Luc's Barometrical Obſervations on 
in order to determine points correſponding to his pits 
and galleries. 

But is this a method that may ſafely be depended 
upon? The fact anſwers, and ſaves us the trouble of long 
reaſonings. A miner, ſolely upon the faith of his Geo- 
meter, and in the abſolute obſcurity of the entrails of 
the earth, undertakes a labour that is to coſt him years, 
in daily boring through a rock. Another miner ſets out 
to meet him from ſome other mine, or from without. At 
the end of a determined meaſure, the Gnomes begin to 
hear each other, and at length they meet. I have ob- 
ſerved ſome of theſe points of rencounter in the galle- 
ries; it is ſometimes difficult to perceive the ſmall wind- 
ing which has been neceſſary for their meeting end to 
end. 


It 
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dehors, à travers les vallees et les collines, des points correſpondants a ſes gale- 
res et à ſes puits. | 
Eft-ce done la une methode dans laquelle ou puiſſe vraiment prendre con- 
fiance? Le fait parle ici, et Epargne les raiſonnemens. Le mineur, fur la foy 
de ſon Geometre, gavanture à entreprendre, dans Pabſolue nuit des entrailles de 
la terre, un travail qui lui coutera des annees, en percant journellement le 
rocher. On vient a fa rencontre, de quelqu'autre mine, ou du dehors. Au bout 
de la meſure determine, nos Gnomes viennent a gentendre; et enfin ils ſe trou- 
vent. Jai vu pluſieurs de ces points de rencontre dans les galeries; on a peine 
quelquefois à appergevoir le petit Evaſement qu'il a fallu faire, pour qu'elles ſe 
joignent bout a bout. 
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It remains, SIR, that I communicate to you ſome other 
barometrical obſervations, not verified by geometrical 
ſurvey; by which I have determined the height of ſome 
points of the Hartz relatively to the plain, and chiefly 


the higheſt point. 


This greateſt elevation, called the Blockſberg or 
Brocken, is fituated in the eſtate of Count BE VERNIGUE- 
RODE. It was my firſt excurſion on my arrival at the 
Hartz, and I made it in the company of Mr. REDEN. 
We fat out from Clauſthal at ten o'clock, and arrived at 
Oder-bruck, a hamlet ſituated at the foot of the Brocken, 
at half an hour after two in the morning. We intended 


ſetting out at day-break, in order to reach the top of the 


mountain by ſun- riſe, becauſe that is the moſt favourable 


moment for ſeeing the great extent of country, which is | 
diſcoverable from this eminence; the vapours, which by 


degrees tarniſh the picture, not having yet riſen. On 
this 


gs — ** —— A. Sem. SEC... 
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Il me reſte a vous communiquer, Monſieur, d'autres meſures barometriques, 


$ non verifices, par leſqu' elles Jai determine la hauteur de quelques points du 


Hartz relativement à la plaine, et principalement le plus haut point. 

Cette ſommite la plus Elevee, nommee le Blockſberg ou Brocken, eſt fituce 
dans les terres de M. le Comte DE VERNIGUERODE. Cet fut ma premiere courſe 
lorſque Parrivai au Hartz; et M. le Baron DE REDEN la fit d&ja avec moi. Nous 


© partimes à 10 h. du foir de Clauſthaul, et nous arrivames a 24 h. du matin I 
= Oder-brucke, hameau fitue au pied du Brocken. Notre intention Etoit de nous 
mettre en marche à la pointe du jour, pour arriver au lever du ſoleil au ſommet 
qe la montagne; parceque Ceſt le moment le plus favorable pour voir Vimmenſe 
= Pays que Pon decouvre de cette hauteur: les vapeurs qui peu a peu terniſſent le 


OL. LXVII. "8 & tableau, 
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this occaſion, however, other vapours rendered our noc- 
turnal courſe ineffectual. Clouds reſted on the top of 
the mountain, and we heſitated a long time whether or 
not we ſhould put off the party to another day. At length 
a ray of hope having broke forth at Oder- brucke, we de- 
termined to ſet out for the mountain. It was then nine 
o'clock in the morning, and, had we had fair weather, an 
hour would have been ſufficient to have carried us to the 


top; but the clouds growing thicker and thicker, we loſt 
our way, notwithſtanding we had guides; and, had it not 
been for a map and compaſs which M. DE REDEN had 
provided himſelf with, we ſhould not probably have ar- 
rived at the top of the Brocken that day, having been for 
ſome hours wandering round it, without drawing nearer 
to it. We did at length reach it at noon, being ourſelves 
as well as the mountain covered with ificles. The wind 

Was 


— — — — 
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tableau, n'etant pas encore ẽlevẽes. Mais d'autres vapeurs rendirent inutile 
notre courſe de nuit: les nuages $'emparerent du haut des montagnes; et long- 
tems nous hefitames ſi nous ne renverrions pas la partie a un autre jour. Mais 
enfin un rayon deipcrance ayant luit a Oder- brucke, nous nous determinames a 
partir pour la montagne. II ctoit q h. du matin; et une heure eũt ſuffit pour nous 
rendre au ſommet, ſi nous avions eu beau tems. Mais les nuages Setant epaiſſis 
toujours d'avantage, nous nous Egarames malgre nos guides; et ſans une bouſſole 
et une carte de ces montagnes dont M. DE REDEN avoit eu la precaution de ſe 
munir, nous ne ſerions peut-etre pas arrives de tout le jour au Brocken, autour 
duquel nous tournions, ſans le trouver. Il Etoit midy loriqu'enfin nous Patret- 
gnimes; Etant nous men.cs couvers de verglas, comme toute la montag ne. II 

faiſcit 
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was very high, the thermometer ſtood at 3 12 of FAayREN- 
HEIT; and the clouds, chaſed by the wind, covered every 
thing with a cruſt of ice that formed itſelf perceptibly to 
the eye. | | 

I had taken with me a new hygrometer, conſtructed 
upon the principles of that I had the honour to preſent 
to the Royal Society four years ago, but corrected in many 
things where experience had taught me better. I was in 
hopes, by taking it tothe Hartz, of being able to repeat the 
experiment of the great dryneſs of the ſuperior regions 
of the air, which I had made formerly on the Alps; but 
it happened quite otherwiſe, and I was not ſorry for the 
contraſt. Being arrived at the top of the Brocken, I ſuſ- 
pended my hygrometer on the outſide of a ſmall hut, 
which M. DE VERNIGUERODE has had the humanity 
to erect for the benefit of ſuch obſervers as ſhould 


COme 


— — — 
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faiſoit un vent aſſez fort, le thermometre Etoit a 314 de FAHRENHEIT; et les 
nuages chariẽs par le vent, couvroient tout d'une croute de glace, qui fe formoit 
a vue d'oeil. 

Pavois ports avec moi un nouvel hygrometre, conſtruit fur les principes de 
celui que Jai eu Phonneur de preſenter a la Societe Royale il y a quatre ans; 
mais où Jai corrige pluficurs des dẽfauts que experience m'a deja fait dẽcouvrir 
dans ma premiere tentative. Teſperois en le portant au Hartz, de repeter Vex- 
perience de grande ſechereſſe des couches ſupẽrieures de Pair, que j'avois faite ci 
deyant ſur Pune des ſommités des Alpes. Mais il en arriva tout autrement: et 
je ne fus pas fache du contraſte, Arrives donc enfin au ſommet du Brocken, je 
ſuſpendis mon hygrometre au dehors d'une petite hute, que M. DE VERNIGUEF-- 
RODE a eu I humanite de faire batir pour ſervir de refuge aux curieux dans le 

K K k 2 mauvais 
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come there in bad weather. In an inſtant the ivory, of 
which this new inſtrument as well as the former is con- 
ſtructed, was covered with iſicles; and what merits ſome 
attention as to the matter of the zumor, the hygrometer 
was by that means brought very nearly down to the 
Point of extreme n | 


other nee made with this inſtrument in tlie 
courſe of my journey. I am much better pleaſed with it 
than with the firſt, for many reaſons; however, I have 
not got over all the difficulties, but luckily alſo I have not 
exhauſted all the reſources. 
I ikewife obſerved the Barometer on this eminence; 
I had done it at ſetting out from Oder-brucke, and did it 
again on my return. I had likewiſe correſponding obſer- 
vations at Clauſthal, and during the whole of my journey 
I had 


— 


mauvais tems. En un inſtant Pyvoire, dont ce nouvel inſtrument eſt fait 
comme le premier, fut couvert d'une couche de verglas; et ce qui merite quel- 
que attention dans la matierè de Phumor, Phygrometre fut reduit par Ia a tres 
peu pres au point de Phumidite extreme. 

Je ne m'arraterai pas ici ſur quelques autres obſervations que j'ai faites avec 
cet inſtrument pendant mon voyage. Jen ai ẽtẽ plus content que du premier a 
divers Egards, Cependant je ne ſuis pas au bout des difficultes: mais heureuſe- 
ment non plus, je ne ſuis pas au bout des reſources. 

Je fis aufh PFobſervation du barometre fur cette hauteur. Je Pavois faite en 
partant d' Oder- brucke, et je la fis au retour. Pavois auffi des obſervations cor- 


reſpondantes a Clauſthal: Pen eus pendant tout mon voyage de journaillères, A 
5 Claufthal, 
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1 had daily ones regiſtered at Clauſthal, at Gottingen, and 
at Hanover. From all theſe obſervations I computed the 
height of Oder-brucke above all the above-mentioned 
places, by calculations which I have annexed. 


5 French toiſes. 

The ſmall hut, at the ſummit of the Brocken 
above Oder-brucke, | 172,93 
$ Oder-brucke above Clauſthal, 91,39 


Clauſthal above Gottingen by 17 obſervations 
correſponding as to time, between Profeſſor þ 210,21 


ERXLEBEN and myfelf, 
Gottingen above Hanover by 16 ſimilar obſer-] 
vations, between Mr. ERXLEBEN and M. DE þ 56,45 


HINUBER, 


— — — 


Total elevation of the Brocken above Hanover, 5 30, 98 
It 


— 
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— 
— 


1 — 


Clauſthal, à Gottingue, et à Hanovre. De toutes ces obſervations Jai conclu 
la hauteur du Brocken ſur tous les lieux ci-deſſus, par les calculs ci- joints, dont 


yoici Vextrait. 


Toiſes de Fr. 
La maiſonette au ſommet du Brocken, ſur Oder-brucke, 172,93 
Oder brucke ſur Clauſthal, 91,39 


Clauſthal ſur Gottingue, par 17 obſervations correſpondantes pour 9 3 
tems, entre M. le Profeſſeur ERXLEBEN et moi, | , 

Gottingue ſur Hanovre, par 16 ſemblables obſeryations entre M 4 86 
ERXLEBEN et M. DE HINUBER, | , 


545 


Hautcur totale du Brocken ſur Hanovre, 530, 98 
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It will be eaſy to come at the elevation of Hanover 
above the level of the ſea, in order to compleat this mea- 
ſurement: correſponding obſervations of the Barome- 
ter will be ſufficient for that purpoſe. In the mean time 
it is eaſy to eſtimate either by the Barometer itſelf (the 
mean height of which during the month of October was 
30,1 Engliſh inches on aſecond floor) or by the ſmall dech- 
vity of the rivers between Hanover and the ſea, that the ele- 
vation of Hanover above that level is not very conſiderable. 

Such, $1R, are the moſt intereſting obſervations of this 
kind which I have been able to make in the Hartz. It 
appears to me, that they are of a nature that ſhould en- 
courage us to examine more and more into the phyſical 
principles on which they depend: principles, the exten- 
five conſequences of which promiſe new ſteps in our 


inveſtigation of nature, not only upon our globe but alſo 
in the heavens. 


A De- 
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II ſera aiſé de ſavoir la hauteur de Hanovre ſur le niveau de la mer, pour 
completter cette meſure, Des obſervations correſpondantes du barometre, ſuffi- 
ront pour cela. Mais en attendant il eſt aiſe de juger, ſoit par le barometre lui 
meme, dont la hauteur moyenne le matin, pendant le mois d' Octobre, fut 30, 1 
pouces Anglois à un ſeconde etage; ſoit par le peu de pente des rivieres juſques a 
la mer; que Felevation de Hanovre au deſſus de ſon niveau n'eſt pas bien grande. 

Voila, monſieur, les obſervations les plus intereſſantes de ce genre, que j; aie 
faites dans le Hartz. Il me ſemble qu'elles ſont propres a donner le courage 
d'examiner de plus pres tous les principes phyſiques ſur leſquels elles ſe fondent; 
principes, dont les conſequences tres Etendues, nous promettent de nouveaux 
pas dans Fetude de la nature, non ſeulement fur la terre, mais dans le ciel. 
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A Detail and Calculations of Barometrical Obſervations: 
made at the Hartz in October 1776. | 


Ob/ervations in the Mines of Clauſthal. 


October 26, 1776, at twenty minutes paſt eleven in 
the morning, I obſerved my Barometer at the entrance 
of the pit of the mine called Dorothy, and found it (after 
the allowance made for the heat both in this and all the 
following obſervations) 26 in. 4. I. + French meaſure. - 
Syndic LEYSER's Barometer being placed near mine, 
and obſerved every quarter of an hour throughout the 
whole day, fell a quarter of a line, between half and three. 
quarters of an hour after twelve, and did not vary fenfibly 
till four o'clock. It then had a tendency to riſe, for it 


was ſtationary, thaugh the Thermometer fell; ſo that, on 


comin g 


—_ rs 
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Deſcription et Calculs des Obſervations du Baromitre faites au Hartz, en 
OQtober 1776. 


Obſervations dans les Mines de Clauſthal, 


Le 26 Octobre, 1776, à 11 h. 20 m. du matin, j'obſer vai mon baromꝭttre à 
Pentree du puits de la mine nomince Dorothée; et je le trouvai (la correction 
ttant faite pour la chaleur ici, et dans toutes les obſervations ſuiyantes) 
26 p. 41. 26 de France. 

Le barometre le M. le Sindic LEYSER étant place auprès du mien, et obſervé 
enſuite pendant tout le jour de quart d'heure en quart d'heure, deſcendit d' 4 de 
ligne de midi I a midi 2 ; et ne varia plus ſenſiblement jutqu'a 4 heures. Alors 
U tendit 4 remonter; car il fut ſtationaire quoique le thermoumetre baitlait 2 

tellement 


43% M. DB Luc's Rarometricat O&/ervaiorrs 071 
coming out of the mines, my Barometer, after the cor- 
rection for the Thermometer, was much at the fame 


point as when Þ went in. 
I had not made any obſervations in the mines before 


this firſt variation, ſo I will look upon 26 in. 3 1. Z as 


being the height of the Barometer at the top of the pit 
of the Dorothy during my obſervations in the internal 


part of the mines till three o'clock. But at fix o'clock 1 
ſhall ſuppoſe it at 26 in. 378. 


* — — — — 
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tellement quau ſortir des mines mon barometre, apres la correction pour le ther- 
mometre, ſe trouva preſque au meme point que lorſque nous y <tions entres. 

Je rayois point encore obſerve dans les mines avant le tems de cette premiere 
variation: ainſi je regarderai 26 p. 3 l. I comme ẽtant la hauteur du barometre 
au haut du puits de la Dorothẽe pendant mes obſervations dans Piaterieur des 


mines juſqu'a 31 h. Mais à 6 h. je la ſuppoſerai à 26 p. 33. 
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| In. IL. 16thsof Lines. Log. 

At 1; h. at two feet” 
from the bottom of the 27 4 = 5260 37209, 857 
well of the Dorothy, ] 


At the topof the pit, 26 3 13=5053 379359493 


Difterence, — — 174,364 
The thermometer on the outſide of the 
building which is over the mine was at — 22 
of my ſcale for the dilatations of the air; but 
this external temperature reached a very little | 
way into the mine. At the bottom of the} 53, 405 
pit the thermometer was —15. I reckon the} 
mean temperature —I5-, and conſequently 1 


am to deduct 2356 from the height found 1 
the log, — — — 


Depth of the Dorothy pit in French toiſes, 1 68,9 59 


At 


P. L. 16 de Lig. Log. 


A du fond actuel du puits del 12 
Ld ; 2 piedsd "” — 7 mem TI * 27 4 15 = 5260 37209, 857 
Au haut du puits, — — 26 3 13 5053 37035, 493 
Difference, — — — 174,364 


Le thermometre au dehors du batiment qui couvre la mine Etoit 
a —22 de mon echelle pour les dilatations de Pair, Mais cette 
temperature extErieure $'etendoit bien peu avant dans la nine. Au * 
tond du puits, le thermometre Etoit — 15. je ſuppoſe la tempera- 31405 
ture moyenne —15f, et en conſequence je dois deduire 18 de la 
hauteur trouvee par les log, — — — 


—— — — — 


Profondeur du puits de la Dorothée, en toiſes de France, — 102,959 


Vol. LXVII. 1 A 31 h. 


* 
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434 N. DE LuC's Barometrical Obſervations on 


Is. L 16th of Lines, Log. 
At 3<h.at a foot and | 
a half from the bot- a 
tom of the laſt ladder 7 4 £3= 5261 37210,683 


of the Caroline, - 


At the top of the pit | 3 ä 
of the Dorothy, $26 3 135 5053: 37035493: 


ſtood at - 11 of the ſcale for the dilatations 
of the air. But the outſide thermometer being 
then at — 232, I reckon the mean T 
at 13, and conſequently I deduct 235 - | 


In the pit of this mine my e 
, 


44455 


The bottom of the pit of the Caroline: 


below the entrance of the pit of the Doro-p r70,7 35: 


thy, 


— — — — — — 


At 


— 


„ _ — _ — — 


P. L. 16 de Lig. Log. 


A ZT h. d du bas de la dern. echelle FOIL 
de u Wine, e ee oak : } 27 4 13 5261 37210,683 
Au haut du puits de la Dorothee, _ 20 3 13 = $953. 37035493 


Difference, — _ — 1757190 

Dans le puits de cette mine, mon thermometre ſe tenoit 3 — 115 
de Vechelle pour les dilatations de Fair, Mais le thermometre ẽtant | 
alors au dehors a — 234, J eſtime la temperature moyenne a —13, q 42455 


Et conſequemment je deduis 35555 — — - 
Le fond du puits de la Caroline au deſſous de Pentree du puits de | wes 
la Dorothee, — wha = Rade * 170, 735 


3 — (— — 


AG h. 


oF C C * 
by V d . . 1 1 0 0 — » 
Er of ** N f of 


n 


4 
2 [1 LETS 


N ade WP 
mm ex FIRE 2 n 


* 
s 
4 
4 
7 
* 
I 
4 
5 
2 
> 


the Depth of the Mines in the Hartz. 435 
8 5 In. L. 16th of Lines. Log. 
At 6 o'clock at the 
bottom of the loweſt | - 
s fcarching gallery of f 27 4 5930 37185,017 
the Benedict, — 
At the top of — 3 Hm co 
pit of the Dorothy, . 57 375 3 
Difference, 147,805 
At the place of obſervation in the mine the 
S thermometer was at —83, higher by 2+ than 
at the pit of the Caroline, But as this gal- 
Y lery communicates with the ſame pit, and 
chat conſequently the column of air contained? 3,843 
nm it is part of that which weighs upon the air 
of the gallery, I am only to eſtimate the tem- 
perature of the pit. I therefore deduct 8, | 
as in the preceding obſervation, — 


143,962 


The gallery, &c. of the Benedict, below 
the entrance of the Dorothy, 


Ob/er- 


nn AT — _— ä — — — 
—_— 


— — 


7 1 5 

. 461 | OY P. L. 16deLig. Log. 
nus baſe de ried Ge recherche a} a7 2 148230 37185,017 
: Au haut du punts de la Dorothee, — 26 3 15 —— 5055 37037,212 


—_ a r 


: Difference, 147, 805 
- Au lieu de Pobſervation dans la mine, le thermometre Etoit 3 —8Z, ) 
plus haut de 22 qu'au puits de la Caroline. Mais comme cette 
. galerie communique au meme puits, et que par conſequent la co- 
; lonne Mair qu'il renferme, fait partie de celle qui pefe ſur Pair de la =_ 
1 mus, je ne dois avoir égard qu'à la temperature du puits. Je | | 
; uis donc 138 comme dans obſervation precedente, _ J | 


ww 
09 
+ 

Wo 


La galerie, &c. de la Benẽdicte, au deſſous Pentree de la Dorothée, 143,962 


—— 


| 
LI1 2 Obfer- | | 


436 M. br Luc's Barometrical Obſervations on 


Ob/ervations at the Ramelſberg. 


On the 28th of October, at 94 h. I obſerved | 
the barometer under the cover of the entrance 
of the mines, two feet and a half above the 1 
aperture of the pit, and found it at — 4 | 
At 24 h. when I left the mines, it was at - 27 2 8 
Conſequently it had. riſen &ths of a line. in five 
hours; whence, not having made- any regular obſerva- 
tions during this interval, I will ſuppoſe the variation to 
have been equable, that is, &th by the Ow; _ the 
time I ſtayed in the mines. 


At 


Obſervations faites au R amelſberg. 


Le 28 Ocobre, a 93 h. du matin, Pobſervai le Barometre ſous le 


couvert de l'entrèe des mines, 24 pieds au. deſſus de Pouvyertore. du jar 2 5 
puits, et je le trouvai a == 


A 21 h. au ſortir des mines, il ſe trouva a — 


— 2728 
IT avoit donc monte de , de lignes en 5 heures; et n'ayant pas eu d' obſerva- 


tions ſuivies pendant cet intervalle, je ſuppoſerai la variation graduelle, et ainſi 
d. Ig par heure, durant le tems que je reſtai dans les mines, 


A 114 h. 


PFF ooo 7G 


entrance of the gallery 


1 Fbe * of tbe Mines in the Hartz. 437 


| „. — of Lines. Log. 
At 112 b. at the F086 
bottom of the Pit of 27 7. 14= 5370 37250,945. 
kaunkuhl, — _ | 

At 12+ h. at the 2 


of Breitling 27 4 8727 4 72 5255 37205, 729 
conſequently an hour F us 2 
before at II, 


4 - A 0 


Difference... — 45,2 18 
At the bottom of the ** 
— — f, 8 | 813 


1 gallery, - —13 1 7888 


* — ___ 2 


Height of the gallery of Breitling above the N 
bottom. of the pit of Kaunkuhl, — +1495 


On nn ee ene 


| P. L. 16deLig. Log, 
A 114 h. au fond puits de Kaunkihl, — 27 7 14 5310 37250,9045 


A midi , a Pentree de la galerie de Breitling 


27 4 8; donc 1 h. plus tot, ſoit 114 h. — E 4 75255 37205, 727 


* 


Difference, — — 45,218 | 
Au fond du puits, therm.—5 


Aupres de la galerie, —13 } "wy moyen, donc 189 adeduire,. 843 


— 


Hauteur de la galerie de Breitling, ſur le fond du puits de Kaunkühl, 44.40 5 | 


433 M. Dx LuC's Baromatrical Obſervations on 
In. L. 16thof Lines, Log. 


At 12; h. at the 
entrance of the gallery 
If of Breitling, near the 
| pit, — — 
| Under cover of the) 
| mines, at the ſame f 27 2 6= 5222 37178, 369 
| | time, — — 


Difference, — — 28,185 
Therm. in the pit - I 3, deduct therefore 288 732 


—— — A. 


27 4 8= 5226 37206, 854 


, A to * 
- _ — 


27,453 


Deduct the elevation of the barometer 6 
above the entrance of the mines, — 3 

The height of the entry of the mines Dave} | 
the gallery of Breitling, } „ 


At 


P. L. 16 de Lig. Log. 
A mid Pentree de n 
pres 3 ahi — 8 ing, 27 4 8=5226 37206, 554 


Sous le couvert des mines, à cette . la — 27 2 6 5222 37¹78, 369 


Difference, _ — 28,18 5 
Thermometre dans le puits — 13; donc 1355 a deduire, — 5732 


A deduire ce dont le baromètre ẽtoit plus haut que Pentree des mines, „416 


Hauteur de Penttẽe des mines, ſur la galerie de Breitling, — 27,037 


A 22 b. 


tbe Depth of the Mines in the Hartz. 
| In. I. röth of Lines. Log. 


439 


At 21 h. under the * | 
cover of the mines, j27 2 $=5224. 37180,032 
At 22 h. at the top 


of the pit of Kaun- 26 11 6=5174 37138,264 


Difference, — — 41,768 
Theſe two obfervations were made on the 


outſide of the mines, the heat of the air being 
11, deduct therefore 888 — — 


40, 850 
Add the elevation of the barometer — 18 
the cover, above the entrance of the mines, 9 


Height of the top of the pit of — : 6 6 
above the entrance of the mines, W 


» * . © 3 — - + Sw -- w- 
W 1 A 


— 
— — 2— 


rn P. L. 16 de Lig. Log. 
A 23 h. ſons le couvert des- mines — 27 2 8g 5224 37180, 032 
A 2+ h. au haut du puits de Kaunkühl, 26 11 625174 371 38, 254 


Difference, 41 768 
Oes deux obſervations f urent faites au bers des mines, la Ia chateur 8 
de Fair tant — 11; donc 88d à deduire, — 1 


— 


— 


40, 8 50 
A ajouter ce dont le barometre ſous le couvert, ẽtoĩt au deſſus 4 6 
Ventree des mines, — 410 


— 


47,266 


Hauteur du haut dũ puits de Kaunkühl, fur Pentree des mines, 


A 1k h. 


440 M. DE. Lve's Barometrical Obſervations. on 
Uo! bo I6th of Lines, Log. 
At 11: h. 1 i 11H 
bottom of the pit of | 27 7 14 5301. 37250,945 
Kaunkuhl as above, | | 
At 2; h. at the top! 
of the pit 26 11 6, 26 11 385171 371359745 
conſequently at 11h. 


P 0 
„ L.E. — — 0 p , _ 


n $ awe 


| . Difference, 5 Kana E 1 $9400 
At the Wi the —9, conſequently 
pit, therm. me | "CAN 
rect to deduct, 
At the top, 13 


Total depth of the pit of Kaunkuhl, — 1 113,17 26 


' ' 1 
of 7 0 


O 

ee ee eee 
„ e 7 24= 5310 nn 
CC pane 30 a7. ne} os ax 3=$171 37136745 
. 3 "Did. — — r 

2 oy puits, ä | —9, donc 133; i deduire, — 2,074 


Profondeur totale du puits de Kaunkiihl, — — 113,126 


— 


| 

4 

1 

I 

by 

FE 
ö 


1 1 * 1 » | * 
iin . 


the Depth of the Mines in the Hartz. 44 


Obſervations at two Points geometrically determined on 
the outjide of the Mountain, relatively to be Mine 


Alte Seegen. 


On the zoth of October, at 10 in the] h. . 
morning, Iobſerved the barometer under the | 
cover of the mine called Alte Seegen near 
Zellerfelt, and found it at — — 

At half an hour paſt feven at night, at my) 16 6-8 
return from theſe obſervations, it was at 


. Conſequently in nine hours and a half the barometer 
fell ths of a line; and by obſervations made by Syndic 


LEYSER, this fall was gradual], 


21 71 2 


At 


— 


Obſervations en deux Points dite mints geemetriquement a Pextericeur de la Man- 
tagne, relativement d la Mine d' Alte-Seegen. 


Le 30 Octobre, à 10 h. du matin, j'obſervai le baromttre fous ley P. L. 
couvert de la mine nommee Alte Seegen, fituee pres de Zellerfeld, et} 29 73. 2 


e 1 trouvai a — — alk 
A 7+ h. du ſoir, au retour des obſervations ci apres, il ſe trouvaa 26 6 $ 


Ainſi en 9Z h. le baromètre baiſſa de 43 de ligne. Et par des obſervations 
faites d'heure en heure par M. le Sindic LEYSER, cet abbaiſſement fut gradue}. 


A midi 


Vol. LXVII. 


442 M. vs Luc's Barometrical Obſervations on 
| In. L. 16th of Lines. Log. 


At 1 2 h. in the val - 
ley of Bremeke, half a 
toiſe lower than a cer- 
tain determined 5 
At Alte Seegen, two) 
hours after the firſtF 27 7 O 2 5104 37079, 107 
obſervation, — 


27 3 22 5234 37188,357 


Difference, . 109,230 ; 
Heat of the air = 30, confequently 256 to deduct 6,554. | 


10 2,6 76 
Deduct the half toiſe above mentioned, — 


French toiſes, — 102,176 


P. L. 16 de Lig. Log. 


| 
| 
| 
\ 
| 
| 
| 
| 
| 


— 


Toiſes de France, — — 102, 176 


A midi, dans la vallee de Bremeke, I toiſe ] 5 | 
plus bas qu'un certain point determine, } 27 3234 37188,337 ' 
A Alte 8 h. aprẽs la premiere ob- ; 
8 Cog ai « oe — 26 7 0 2 5104 37079, 107 5 
Difference, 5 BEE = 109,220 | 

Chaleur de Pair — 30; done 2882 à deduire, — — 6, > 

ö | | 102,676 . 

A deduire la demi toiſe ci-deſſus, — — 500 : 
a 
5 


4 %% r IONS... LES. 0. ce 
» 8 . . N 4 | o 


the Depth of the Mines in the Hartz. 
In, L. 16th of Lines, Log. 
At 12h. at . 
without the Hartz, in 46 6 aa 
the valley of Ofterode, 7 — 0 1749 
at a determined point, 
At - Alte Seegen, | 
about four hours after 27 8 io= 5102 37077, 405 
the firſt obſervation, 


443 


| _—_ 183, 344 
Heat of the air = 26, conſequently 2 to deduct 9, 534 
French toiſes, — — 173,810 

Ob/er= 


| P. L. 16 de Lig. Log. 
A 12 h. à Lasffelde, hors du Hartz, vallée wo | 
d'Oſterode, a un point deter nine, 3 E 8 10 3 5322 37260, 749 | 


A Alte Seegen environ 4 h. après la pre- 2 | 
miere obſervation, — — } 26 6 14=$5102 37077,405 


: 183,344 
Chaleur de l'air —-26 ; donc 1888 a deduire, _ 91534 
Toiſes de France, = = 173,810 


out from Oder-brucke for the 


444 M. D Luc's Barometrical Oh/er vation: on 
Obſervations to determine the height of the Brocken with 
reſpect to Gottingen and Hanover. 

The 25th of October, on 1. 
Brocken, at three quarters 0 eight 


in the morning, 
In returning, at 37 h 


Difference, — 

Obſerved at the Brocken at Noon and at 1 o'clock, the 
mean, at about 1 2 h. makes nearly half the ſpace of time 
above mentioned; conſequently the height of the baro- 
meter at Oder-brucke at that hour may be reckoned at 


3 Þ * 


Sindic 


. — — 


— 
» — — Inn 


Obſervations pour diterminer Ia hauteur du Brocken relativement 4 Gottingue 
et a Hanovre. 


P. I. 

Le 25 ORftobre, en partant 4Oder-brucke ur le Au premier 
Brocken, a 82 h. du mn, — 4% 25 9 * 8 Ca- 
En revenant, à 34 h. — — 2s 8 14 baret, 


Difference, — — — 0 0 10 


Obſervẽ au Brocken à midi et à x heure. Le milieu, midi I, fait à peu pres 
la moitie de l'intervalle de tems ci · deſſus; et par conſequent on peut Evaluer 
M hauteur du barometre a-Oder-brucke à cette heure la, 25 9 3. 


M. le Sindic 


the Depth of the Mines in the Hartz. 445 
Sindic LEYSER obſerved the barometer at his houſe at 
Clauſthal, in the morning and at noon; when inſtead of 
falling, as at Oder-brucke, it roſe half a line, and re- 
mained at that point till the evening. The only cauſe to 
which I can aſcribe this difference between his obſerva- 
tion and mine, is the increaſe of heat in his room: but 
there was no obſervation with the thermometer to correct 
the effect of this cauſe; I ſhall therefore content myſelf 
with my own obſervation for this meaſure, though I 
employ Mr. LEYSER's for the following one. 


* 
— 1 — — — — 
—— — : — 


_ 1 nm.... 


M. le Sindic LEYSER-obſerva le barometre chez lui a Clauſthal le matin et 
a midi: et an lieu de baiffer, comme a Oder-brucke, il monta de ] ligne, et 
reſta à ce point juſquꝰ au ſoir. Je ne ſaurois attribuer cette difference entre Pob- 
ſervation de M. LEYSER et la mienne, qua ce que la chaleur augmenta dans ſa 
chambre: mais il n'y eut point d' obſervation du thermometre pour corriger 
Feffet de cette cauſe. Je m' en tiens donc à mon obſervation ſeule pour cette 
meſure- ci; queique j; employe celle de M. IE TSsER pour la ſuivante. 


q 


446 M. DE Luc's Barometrical Obſervations on 


In. L. 1th of Lines. Log. 
At I 2. h. the baro- | | 


meter at Oder-brucke 2 5 9 38 4947 36943, 419 
muſt have been at, 

At the Brocken, 

h. 8 h | 
Sr +" 5 þ mean 7 8 3=4739 367 56,867 
Difference, — — 186,552 

On ſetting out from] ä 
Oder-brucke the heat 3444 * TY 
of the air was at = | 33 1 2 3 13,618 

At our return, - — 312 ue 

At the Brocken, — 40 2 


Height of the Brocken above Oder-brucke, 172,934 


By 


— — 


(| 
| 


F 


P. L. 16 de Lig. Log. 
A midi & le barometre devoit etre a Oder · brucke, 25 9 32 4947 36943, 419 


di 8 
Au Brocken, {2 Ts _ — 8 5 J moyen, 24 8 3=4739 36756, 867 


— 


Difference, — — 


En partant d Oder- brucke, la 1 — de 

6 5 —26 
— aa OE 
Au Brocken, — — — —40 : 


186,552 


— 


172,934 


Hauteur du Brocken ſur Oder-brucke, — — 


the Depth of the Mines in the Hartz. 447 
By the above mentioned obſervations of Mr. DE LET 
sER's, and by the compariſon between his barumeter 


and mine, I have reaſon to conjecture, that at the time of 


the mean obſervation of the barometer at Oder-brucke, 
In. L. 16th of Lines. Leg 


it ſtood at Clauſthal at, 26 4 3= 5059 37040, 647 


Mean height ob- F By Fs 6 
ſerved S ee > 9 35 4947 592943419 


Difference, — _ 97, 2 28 
The mean heat of the air muſt have been a 
little greater than at Oder-brucke; I compute} 5,834 


60 


it at - 3o, conſequently g to deduct, = 


Height of Oder-brucke over the firſt floor 
of Mr. DE LEYSER's houſe at Clauſthal, or 
91,394 


what comes to the ſame nearly, above the firſt- 
floor of the Crown Inn, where I lodged, - 


The 


— — 
— —— cr 


Par les obſervations ci-deſſus de M. LEVYS ER, et par la comparaifon faite de ſon 
barometre avec le mien, j ai lieu de conjecturer, que lors de Pobſervation moyenne 
P. L. 16 de Lig. Log. 
du barometre à Oder-brucke, il ẽtoit a Clauſthal, 26 4 3 = 5059 37040, 647 

Hauteur moyenne obſervee a Oder- brucke, 25 9 3=4947 36943, 419 


Difference, — 3 97,228 
La chaleur moyenne de Pair devoit etre un peu plus grande 3 . «bas 
Oder-brucke. Je la ſuppoſe a —30; donc 188: a deduire, 5:93 


— WW 


Ye f̃ 


Hauteur d'Oder-brucke fur le premier ẽtage de la maiſon de M. 
LEYSER a Clauſthal, ou, ce qui revient a peu pres au'meme, fur 0 91,394 
premier Etage de Vauberge de la Couronne ou q ctoĩs loge, 


— ́wàæ ͤ Am, 


Le 


1 ˙: m Ä;m SS 


a, | 


”— —— 
CS nin... 2 Ws = 


Sattar 


— — 


449 M. DE Luc's Barometrical Obſervations on 


The mean term betwixt 17 obſervations of the baro- 
meter, made at Gottingen from the 24th of October to 


the 1ſt of November, by Profeſſor ERXLEBEN, cor- 
In. L. 16th of Lines. Log 


rected for the heat, $9 0 3= $331 37 268,09 

The mean term of 
17 obſervations made 
upon the firſt- floor of 


the Crown Inn at N 26 4 8= 5064 37044, 94 


— — 
. 


Clauſthal, correſpond- 
ing for the time to 
thoſe of Gottingen, 


5 
1 


J 


3 Difference, — — 2323,15 
Mean heat of the air] | 
during the obſervations (- 26; 29 conſeq. | 54 
at Gottingen, | >> to deduct. 294 
At Clauſthal, —31;z) RY a 
Height of Clauſthal above Gottingen, 210,22 


——_——— 


le Ar 


Le terme moyen entre 17 obſervations du barometre faites à Gottingue, du 
24 au 21 Octobre, par M. le Profeſſeur ExxLEBEN, corrigees auſſi pour la 
| P. L. 16deLig. Log. 
chaleur, - — — _ 2 = I 268,0 

Le terme moyen de 17 obſervations faites au FSG * 
prẽmier ẽtage de la Couronne à Clauſthal, corre- 
tpondantes pour le tems avec celles de Got- | 
tingue, — * — 


26 4 8= 5064 37044, 94 


| Difference, — — yu 223,15 
Chaleur moyenne de Pair pendant les obſervations 3 
à Gottingue, e * pa —202 18 85 : deduire, 12794 


De meme a Clauſthall— — — 311 


— 


Hauteur de Clauſthal far Gottingue, — — — 210, 21 


— 


Le 


: 

* 

; 
3 
Il 
N 
S 
4 
I 
. 


s and nt iran Wi - 1 ts Kara of * 4 s pu 1 * 
* 4 N & 2 4 * 0 


| 
: 
4 


the Depth of the Mines in the Hartz. 449 
Mean term of 16 obſervations made at H anover, from 


the 24th of October to the 1ſt of November, by Mr. 
DE HINUBER, with a barometer of Mr. DO0LLOND's man 


In, L. 16th of a Line, Log. 


to agree with mine, 28 2 3= 5411 373324775 


That of the corre- 


ſponding obſervations 


for the time, made by 27 9 95 5337 * 


Mr. ERXLE BEN, 


Difference, — — 59, 803 
Mean heat at Hano- |} 
ver, at the time of the f- 293 u. conſeq.- 
obſervations, rs to deduct 
The fame at Cotingen, 261 


35349 


— 


Height of Gottingen above Hanover, — 56,4 54 


* — — * 


——— T—ñ—ñ— —— — 1 — —_— — — — co 


Le terme moyen de 16 obſervations faites a Hanovre, du 24 Octobre au 
+ Novembre, par M. DE . avee un Baroinètre de M. por.LoxD, mis. 
P. L. 16 de Lig. Log. 
d'accord avec le mien, — | 28 2 3=5411 373324775 
Celui des obſervations — — your e | 
tems, faites par M. ERXLEBEN, 27 99 53 312722972 


Difference, — 5 59,803 
Chaleur moyenne à Hanovre au tems des ob-) 
ſcrvations, — — — — 294 


De meme a Gottingue, — —204 


Hauteur de Gottingue ſur Hanovre, — 


. 
. 


* 


2 


Vol. LXVII. N 
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XXIII. The general Mathematical Laws which regulate 

and extend Proportion univer/ally; or, a Method ff 

comparing Magnitudes of any Kind together, in all the | 
poſſible Degrees of Inereuſe and Decreaſe. By James 
Glenie, A. M. and Lieutenant in the Royal Regiment of 
Artillery. 8 | 


r 


r 


Read March 6, ME doctrine of proportion laid down 
* by EUCLID, and the application of it 
given by him in his Elements, form the baſis of almoſt 
all the geometrical reafoning made ufe of by mathema- 
ticians both ancient and modern. But the reafonings of 
geometers with regard to proportional magnitudes have 
ſeldom been carried beyond the triplicate ratia, which is 
the proportion that ſimilar ſolids have to one another 
when referred to their homologous linear dimenſions. 
This boundary, however, comprehends but a very 
limited portion of univerſal compariſon, and almoſt va- 
niſhes into nothing when referred to that endleſs variety 
of relations, which muſt neceſſarily take place between 
geometrical magnitudes, in the infinite poſſible degrees 
of increaſe and decreaſe. The firſt of theſe takes in but 
a very 
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a very contracted field of geometrical compariſon; 
whereas the laſt extends it indefinitely, Within the 
narrow compaſs of the firſt, the ancient geometers per- 
formed wonders, and their labours have been puſhed 
ſtill farther by the ingenuity and indefatigable induſtry 
of the moderns. But no author, that I have been able to 
meet with, gives the leaſt hint or information with re- 
gard to any general method of exprefling geometrically, 
when any two magnitudes of the ſame kind are given, 
what degree of augmentation. or diminution any one of 
. theſe magnitudes muſt undergo, in order to have to the 
other any multiplicate or ſub-multiplicate ratio of theſe 
magnitudes in their given ſtate; or any ſuch ratio of 
them as is denoted by fractions or ſurds; or (to ſpeak ſtill 
more generally) a ratio which has, to the ratio of the 
firſt- mentioned of theſe magnitudes to the other, the 
ratio of any two magnitudes whatever of the ſame but 
of any kind. Neither have I been able to find that any 
author has ſhewn geometrically in a general way, when 
any number of #4705 are to be compounded or decom- 
pounded with a given ratio, how much either of the 
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magnitudes in the given ratio is to be augmented or di- 
miniſhed, in order to have to the other a atio, which is 
equal to the given ratio, compounded or decompounded 
with the other ratios, To inveſtigate all theſe geome- 
Nun 2 trically, 
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trically, and to fix general laws in relation to them, is 
the object of this paper; which, as it treats of a ſubject 
as new as it is general, I flatter myſelf, will not prove 
unacceptable to this learned Society. It would be alto- 
gether ſuperfluous for me to mention the great advan- 
tages that muſt neceſſarily accrue to mathematics in ge- 
neral, from an accurate inveſtigation of this ſubject, ſince 
its influence extends more or leſs to every branch of ab- 
ſtract ſcience, when any data can be aſcertained for rea- 
ſoning from. I ſhall, in a ſubſequent paper, take an op- 
portunity of ſhewing how, from the theorems after- 
wards delivered in this, a method of reaſonin g with finite 
magnitudes, geometrically, may be derived, without any 
conſideration of motion or velocity, applicable to every 
thing to which fluxions have been applied; and ſhall 
now proceed to the ſubject of this paper, after premiſing 
the two following definitions. 


DEFINITION I. 


Magnitude is that which admits of increaſe or decreaſe. 


DEFINITION II. 


Quantity is the degree of Magnitude. 
By magnitude, beſides extenfion, I mean every thing 
which admits of more or leſs, or what can be increaſed 
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or diminiſhed, {ach as ratios, velocities, powers, &c. As 
I ſhall frequently, for the ſake of conciſeneſs and con- 
veniency, be obliged to make uſe of particular modes of 
expreſſing geometrical magnitudes, I here — once 


for all, that by ſuch expreſſions as theſe A. 2 25 As 


C—D — 
4. 


portional to . A; à fourth proportional to B, a, and 
the difference of A and B; a fourth proportional to p, a, 
and the difference of c and p; a fourth proportional to B, 
A. _ and A—B, &c. 

To proceed then in the order in which I firſt inveſti- 

gated theſe theorems; let a, B, c, D, E, r, o, H, &c. be 

any number of magnitudes of the ſame kind, taken two 


» 8c. I mean reſpectively a third pro- 
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and two from the firſt; and let MN, No, NR, op, reſpec- 
tively repreſent a, B, c, D. Let NR, pr, be drawn per- 
Pendicularly 
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completed. 


ut appears, that a —— of the ſame kind with a 


- _ > - — — — — 
_- — tw 
— 3 . mth... — 
— ( oO OR » —— - 
1 — 2 * — * A. — 
28 — — 
— 
* — 


. 
— OG 2 ⏑ꝗ ͤ P . * ²˙ ö¹ U RON V0” Oo — —— — — 
- _ * —— . * - 


k is equal to LR, KN has to No a ratio compounded of 
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pendicularly to vo, or otherwiſe if in the ſame angle; and 
let the rectangles or parallelograms xn, Ne, be com- 
pleted. Let LM be a fourth proportional to or, MN and 
NR—OP; and let the rectangle or parallelogram L be 


Then (14. E. 6.) LT is equal to TR, — conſequently 
LQ to MR. But (23. Ek. 6.) MR has to NP the '7a7io corn- 
pounded of the ratios of MN to No and NR to 0p. 'There- 
fore (I. E. 6.) LN has to No the ratio compounded of the iſ * 
ratios of MN to NO and NR to op. But LN is equal to 


NR —OP 
MN + MN. , Or A+ A— >, by conſtruction. Whence 


OP 


and B, which has to s the ratio compounded of the ratio: 
of A to 3 and c to p, is expreſſed by aA. 

In like manner let E, r, be repreſented by RN, or, re- 
ſpectively, and let Lk be a fourth proportional to or, LN, 
and QR. Then (14. E. 6.) Kx is equal to xx or TR and xs 
together. But ſince LN hath already been ſhewn to be 


equal to ATA. _ LK is a fourth proportional to r, E-F, 


— 23 
and AA. —; that 1s equal to a. 


conſtruction. Wherefore KN being equal to LK+LXN is 


C—D E-—F 'C—D E—F 


+ io DF he he Fs And fince 


equal to AA. 
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me ratias of LN to No and NR to or; that is, of the ratios 
a to B, c to D, and E to r. Therefore a magnitude of the 
ſame kind with a and B, which has to B the ratio com- 


E —F 
F 


| EP | — 
pounded of theſe ratios is expreſſed by a+ A. —5 


— E—F 


| . 


Again, if NR, or, be ſuppoſed to repreſent. 6, H, re- 
ſpectively, and KV a fourth proportional to or, KN, and 
; VQ will be equal to KR (14. E. 6.) and conſequently 
vx will have to No a ratio compounded of the ratios of 
xN to No and NR to or; that is, of the ratios a to B, 


c to p, E to , s to H. But vx is by conſtruction equal to 
G—H C—D G—H E—F G—H C—D E—F G—H 


.. © * * E + A. 66 „% 


H oh H a HK D 7 H 


And this added to KN above found gives ATA. — 


E—F G—H 1" C—D E—F C—D G—H E—F 
„ + A, | -. 7 ＋ A. D * H A. „ 
6— C—D E—F G—H 

— + A.—- : for the magnitude of the ſame 


kind with A and B, which has to B the ratio compounded 
of the ratios a to B, c to p, E to r, d to H; whence the 
law of continuation is manifeſt. 

The ſame concluſions may be derived from (E. 5 „* 
ſo that no principle can be ſimpler or more geometrical 
than that here made uſe of. 

Thus n magnitudes will ſtand. 


4. A+A,— = >, when two ratios are compounded. 
2. A 
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E—P CD 5 
2. AAA. — „ three are 
compounded. : 
= E—P G—H C—D-. G—P 
$- ATA ZE” Þ Be =” TT Mo YT a 
G—H E—F G—H  C—D E—F G—H 
_— 2 . 2 , when four ratios 


are compounded, 8c. &c. 

By continuing this operation much farther, I found 
upon examination that the number of terms in which a 
is connected with the differences D, k-, G—H, &c. 
taken one by one, two by two, three by three, 8c. if 5 
denote the number of ratios compounded, is expreſſed 


reſpectively by =, — . — . — Ys &c. Thus 


if the ratio of a to B be ſuppoſed equal to the ratios of 
c to p, E to t, G to H, &c. reſpectively, theſe expreſſions 
will give the following ones. | 


I . B 
e — A _ 38 3 


I B _ — —— ——— 


; for magnitudes of the ſame kind with A 


B 9 
and B, which have to B reſpectively the duplicate, 
triplicate, and quadruplicate ratio of A to B; where Þ 
is ſucceſſively equal to 2, 3, and 4. And univerſally, 


by the ſame geometrical reaſagung, it is found, that 


1 SO 5 — 
1 A—B 1 —2 2— A—B 
a+ —. A. 5 + &c. A has to 
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u B ſuch a multiplicate ratio of A to B as is expreſſed by 
the number p. 


In the reaſoning above I fixed on B as the magnitude 


to which the reſt were to be referred; but I might as well 


have fixed on A or any of the other magnitudes. Thus, 


658.5. = „ 

for inſtance, B+ . 3. — + .. 3. — + 8c. 
Wn 

B. — — — has to a ſuch a multiplicate ratio of B to A 
as is _— by the number p; or A has to B+ 
p—1 2 2 — n 

— .. == F . he res 

— — F pete J/—! 

of A+, 4. n A => A. — + Kc. 4. — to B; 


that is, ſuch a multiplicate atio v of A to B as is expreſſed 
by the number p. Each of theſe, indeed, I demonſtrated 
ſeparately from the ſame ſort of geometrical reaſonin g; 
but for the ſake of brevity I omit ſetting down theſe 
ſeparate demonſtrations, as they are both contained in 
general reaſoning above, which furniſhes likewiſe a great 
variety of other expreſſions, according as certain num- 
bers of the ratios c to D, E to , G to H, &c. are ſuppoſed 
to be reſpectively equal to, greater or leſs than, the ratio 
of A to B. 
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XXIV. The Caſe of Ann Davenport. By Mr. Fielding 
Beſt Fynney, Surgeon at Leek, in Staffordſhire; 
communicated to Thomas Percival, M. D. F. R. S. and 


by him to Sir John Pringle, Bart. P. R. S. 


TO SIR JOHN PRINGLE, BART, P. R. 8. 


Mancheſter, 
SJ Ry April 8, 1777. 

Read April 10, F' TOOK the liberty, a few days ago, of 
1777. | 


tranſmitting to you, by a private hand, a 
ſingular caſe, ſent me by Mr. F. B. FYNNEY, an ingenious 
ſurgeon, who is ſettled at Leek in Staffordſhire. He de- 
* fires that it may be laid before the Royal Society; and I 
ſhall think myſelf much obliged WI your nne 
with his requeſt. : 


TO 
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TO DR. PERCIVAL. 


Leek 
SIR, March 1, 2777 


UPON May 16, 1775, being deſired to viſit ANN 
DAVENPORT, a native of this town, I beheld a truly mi- 
ſerable object, with the moſt cadaverous countenance I 
had ever ſeen, emaciated to the laſt degree by a hectic 
fever, and profuſe colliquative ſweats. She had a con- 
tinual thirſt, her appetite was totally gone, and ſhe was 
always in the extremes of being too looſe or too bound. 

Her mother informed me, that the was then in her 
twenty-firſt year; and that ſhe had been a ſtrong and 
ſprightly child from her birth, until the was about five 
years of age, from which time the had been a ſtranger to 
health, and every now and then had been ſeized with 
excruciating fits of the colic, eſpecially whenever ſhe 
ate or drank any thing the leaſt acid, 

The young woman told me, that about a year ago 
ſlie had firſt perceived a ſwelling on the right fide of 
her belly, juſt above the groin; which, if at any time 
ſhe attempted to ſtretch out her thigh, gave her inex- 
| preſſible pain, as if ſomething ſtabbed her in that part: 
O00 0 2 that 
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that therefore ſhe was always obliged to keep up her 
knees, more or leſs, towards her breaſt, by which means 
ſhe had, in ſome degree, loſt the power of extending her 
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limbs. 


1 ordered her to take half a drachm of powdered 
bark in a little red port wine every four hours; and, as 
matter had already formed within the tumor, I deſired 
that a maturating poultice might be applied every night 
and morning; for I imagined that nature, without ſuch 


aſſiſtance, could never bring the abſceſs to a head in her 
weak condition. 


July Toth, the matter pointing at the upper end of 
the tumour very near the os ilium, I made a large open- 
ing, from which was diſcharged an amazing quantity of 
pus; but, as the tenſion was ſtill great, I applied a linſeed 
poultice over the common dreflings: nevertheleſs, in a 
few days a ſecond abſceſs began to form towards the ver- 
lebræ of the loins, between the falſe ribs and the os ilium, 
which was rapid in its progreſs, for it was brought to 
maturation, and opened on the 26th. 

On the 31ſt I was alarmed with a gangrenous ap- 
pearance of the whole integuments of the abdomen : tor 
this ſhe took one drachm of powdered bark in red-port 
every three hours; but, as veſications and every ſym- 
I ptom 
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ptom of a_/pbacelus continued to increaſe, I likewiſe uſed 


the bark externally, in the two following forms, every 
morning and evening : | 


R Tind. Cort. Peruv. Simp. 3 ij 
Myrrh. Comp. 5 } 

Sp. Sal. Ammon. 

Mell. Agypt. aa. 5 ſſ. m. fiat embrocat. 


R Fac. Cereviſ. acid. tb j 
Farin. Avenac. q. 4. coque ad conſiſlentiam Cata- 
plaſmatis, et adde Pulv. Cort. Peruv. 33 

Ol. Olivar. rec. 3 iv m. fiat Cataplaſm. 


This treatment ſoon put the mortification to a ſtand, 
and the parts ſloughing off largely left three holes, at 
nearly equal diſtances one from another, betwixt the firſt 
opening and the left os iium, beſides ſeveral ones in dif- 
ferent parts of the belly; but as the diſcharge was immo- 
derate, I looked upon the patient to be in the utmoſt 
danger. However, the ſame courſe was perſevered in, 
and at the latter end of Auguſt another abſceſs appeared 
lower down, towards the right groin; I ordered it to be 
poulticed, and left it to open of itſelf, which it did on the 
21ſt of September. I was immediately called to her; 

and, 
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and, upon carefully examining the part, I found a hard 
ſubſtance deeply ſeated, which I directly extracted“. 

| It was makin g its way towards the integuments from 
the extremi ty of the appendix vermiformis of the cæcum, 
which probably, and fortunately, by former inflamma- 
tions had adhered to the peritoneum. The large end 
came firſt, and the ſmall end was within the appendix 
vermiformis of the cæcum at the time I took it out; for, 
immediately upon the extraction, ſome excrements fol- 
lowed, and among them ſome dark brown particles 
which I diſcovered to be filings of iron, which the patient 
had formerly taken in a large quantity, as ſhe had never 
been regular like other women. On a careful examina- 
tion I found ſome of theſe filings quite reduced to ruſt, 


-e 
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(a) See plate IX. the figures 1. and 2. are different views of the external 
ſurface of this irregular ſubſtance, and of ſo much of its nucleus as projects out 
of the round part, exactly as both appeared on being taken out of the body. 
The hole was of a duſky brown colour, and had a great reſemblance to a 
ſmall ſhrivelled pear, Fig. 3. is a ſection of the round part, which ſeemed to 
be formed of fine fibrous ſubſtances, clotely cemented together by an earthy 
zatter, and of the peg of crah-tree wood, its nucicus. This figure likewiſe 
ſtews how far tte peg went in, and allo an incruſtaczon of ſtony matter upon it. 

The nucleus, I believe, is the ſmaller end of that part of a filk engine called 
a ſtar, at which machine the patient had been employed before ſhe was five 
years of age, therefore it muſt have becn lodged at leaft ſixteen years within 
me appendix verm formis of the ce-wm, as ſhe members nothing of ſwallowing 


it, and as during that course of years ſhe had frequently been afflicted with the 
feycre colts before-menuoned, 


but 
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but till retaining their form as they came from under 
the file. | | 

Some faces came ie through this laſt wound daily, fre- 
quently moſt copiouſly; and ſometimes (though the ex- 
ternal ' orifice was large) by being confined with the 
dreflings, they inſinuated themſelves between the inte- 
guments of the abdomen, and came through the other 
openings. About the middle of February 1776, the 
diſcharge of the excrements by theſe openings was ſen- 
fibly diminiſhed; and the wounds were all healed, except 
one, by the latter end of the year, through which a ſmall 
quantity of excrements ſtill continue to paſs now and 
then. | 

Her health is, within this ſhort time, ſurprizingly 
improved; ſhe is now very fleſhy and ſtrong, has had 
the catamenia, and I have. the greateſt reaſon to expect 
that ſhe will be perfctly cured. Strict regard was all 
along paid to'the non-naturals. 

As the caſe above is a very uncommon one, I prevailed 


on the reverend Mr. ROGERS, miniſter of this place, to 
viſit the patient along with me; and he was ſo fully 
ſatisfied of the truth of the account, as to give me the 
following certificate. 


I hereby 
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I hereby certify, that I ſaw, this 27th day of Decem- 
ber, 1775, Mr. FIELDING BEST FYNNEY dreſs his patient 
ANN DAVENPORT, and was an eye-witneſs to pure feces 
coming out of the wound from which he had extracted 
an irregular ſubſtance on the 2 1ſt of September laſt. 


As witneſs my hand, 


J. ROGERS, 
Miniſter of Leek. 
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XXV. An Account of the Kingdom of Thibet. In @ 
Letter from John Stewart, Eſquire, F. R. S. 70 Sr 
John Pringle, Bart. P. R. S. 


8 I R, 8 


Read April 17, 


URING my late reſidence in India, a 
1777. 


tranſaction took place in Bengal, 
which, in its conſequence, led to a new and more inti- 
mate knowledge of a vaſt country, hitherto unexplored 
by Europeans, and hardly known to them but by name. 
As every diſcovery of this ſort tends to the advancement 
of natural knowledge, I have thou ght a ſhort notice on 
the ſubject might prove no diſagreeable communica- 
tion to the Society; and therefore take the liberty, with 
your approbation, to ſubmit it, in this manner, to them. 
The kingdom of Thibet, although known by name 
ever ſince the days of MARCO PAOLO and other travellers 
of the twelfth and thirteenth centuries, had never been 
properly explored by any European till the period of 
VoL. LXVII. P p p 5 which 
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which I am now to ſpeak. It is true, ſome ſtraggling 
miſſionaries of the begging orders had, at different times, 
penetrated into different parts of the country; but their 
obſervations, directed by ignorance and ſuperſtition, 
Placed in a narrow ſphere, could give no ideas but what 
were falſe and imperfect. Since them, the Jeſuits have 
given the world, in DUHALDE's Hiſtory of China, a ſhort 
account of this country, collected, with their uſual pains 
and judgement, from Tartar relations, which, as far as it 
goes, ſeems to be pretty juſt. 
This country commonly paſſes in Bengal under the 
name of Boutan. It hes to the northward of Hindoſtan, 
and is all along ſeparated from it by a range of high and 
ſeep mountains, properly a continuation of the great 
Caucaſus, which ſtretches from the ancient Media and the 
ſhores of the Caſpian ſea, round the north-eaſt frontiers 
of Perſia, to Candahar and Caſſamire, and thence, con- 
tinuing its courſe more eaſterly, forms the great northern 
barrier to the various provinces of the 'Mogol empire, 
and ends, as we have reaſon to believe, in Aſſam or China. 
This ſtupendous Tartar bulwark had ever been held im- 
paſſable by the Mogols, and all other Muſſulman con- 
querors of India: and although in the vallies lying be- 
tween the lower mountains, which run out perpendicular 
to the main ridge, there reſide various Indian people, 
4 | whom 
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whom they had occaſionally made tributary to their 
power, they never had attempted a folid or permanent 
dominion over them. It was on occaſion of a diſputed 
ſucceſſion between the heirs of one of the Rajab's or petty 
ſovereigns of thoſe people, that the Boutaners were called 
down from their mountains to the affiftance of one of 
the parties; and our government engaged on the oppoſite 
ſide. The party aſſiſted by us did not fail in the end to 
prevail; and in the courſe of this little war two people 


| became acquainted who, although near neighbours, were 


equally ſtrangers to each other. At the attack of a town 
called Cooch Behar, our troops and the Boutaners firft 
met; and nothing cduld exceed their mutual furprize in 
the rencounter. The Boutaners, who had never met in 
the plains any other than the timid Hindoos flying naked 
before them, faw, for the firſt time, a body of men, uni- 
formly cloathed and accoutred, moving in regular order, 
and led on by men of complexion, dreſs, and features, 
ſuch as they had never beheld before: and then the ma- 
nagement of the artillery, and inceſſant fire of the muſ- 
quetry, was beyond any idea which they could have con- 
ceived of it. On the other hand, our people found them- 
ſelves on a ſudden engaged with a race of men unlike 
all their former opponents in India, uncouth in their ap- 
pearance, and fierce in their aſſault, wrapped up in furs, 
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Tayſhoo Lama, who (the Delai Lama being a minor) 


-diately over the Boutaners, and had engaged ther. in the 


ſent a perſon of rank to Bengal, with a letter and pre- 
ſents to the governor, to ſalicit a peace for the Dah, as 


His vaſſal and dependant. 
Mr. HASTINGS, the governor, did not heſitate a mo- 


che moſt moderate and equitable terms; and, eager to 
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and armed with bows and arrows and other Weapons 
peculiar to them. 12% 
The place was carried by our troops, and a great many 
things taken in the ſpoil, ſuch as arms, cloathing, and 
utenſils of various ſorts. Images in clay, in gold, in ſil- 
ver, and in enamel, were ſent down to Calcutta; all 
which appeared perfectiy Tartar, as we have them repre- 
ſented in the relations and drawings of travellers; and 
there were beſides ſeveral pieces of Chineſe paintings 
and manufactures. Whilſt thoſe things continued to be 
the ſubject of much converſation and curioſity to us in 
Bengal, the fame of our exploits in the war had reached 
the court of Thibet, and awakened the attention of the 


was then at the head of the ſtate. The Dah Terriah, or 
Deb Rajah as he is called in Bengal (who rules imme- 


war) being a feudatory of Thibet, the Lama thought it 
proper to interpoſe his good offices, and in conſequence 


ment to grant a peace at the mediation of the Lama, on 


ſeize 
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ſeize every opportunity which could promote the intereſt 
and glory of this nation, and tend to the advancement 
of natural knowledge, propoſed in council to ſend a per- 
ſon in a public character to the court of the Tayſhoo 
Lama, to negotiate a treaty of commerce between the 
two nations, and to explore a country and people hitherto 
ſo little known to Europeans. Mr. BOGLE, an approved 
ſervant of the company, whoſe abilities and temper ren- 
dered him every way qualified for ſo hazardous and un- 
common a miffion, was pitched on for it. It would be 
foreign to my purpoſe to enter into a detail of his pro- 
greſs and ſucceſs in this buſineſs :, it will be ſufficient to 
ſay, that he penetrated, acroſs many difficulties, to the 
center of Thibet;z reſided ſeveral months at the court of 
the Tayſhoo Lama; and returned to Calcutta, after an 
abſence of fifteen months on the whole, having executed 
his commiſſion to the entire ſatisfaction of the admi- 
niſtration. I have reaſon to believe that Mr. BOGLE will 
one day give to the world a relation of his journey thi- 


ther, accompanied with obſervations on the natural and 
political ſtate of the country. 1 only, in the mean time, 
beg leave to mention a few particulars, tuch as my recol- 
lection of his letters and papers enable me to give. 

Mr. BOGLE divides the tercitories of the Delai Lama 


anto two different parts. That which lyes immediately 
contiguous 


bitants Docpo, he diſtinguiſhes by the name of Boutan; 
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contiguous to Bengal, and which is called by the inha- 


and the other, which extends to the northward as far as 
the frontiers of Tartary, called by the natives Pit, he 
ſtyles Thibet. Boutan is ruled by the Dah Terriah or 
Deb Rajah, as I have already remarked. It is a country 
of ſteep and inacceſſible mountains, whoſe ſummits are 
crowned with eternal fnow; they are interſected with 
deep vallies, through which pour numberleſs torrents 
that increaſe in their courſe, and at laft, gaining the 
plains, loſe themſelves in the great rivers of Bengal. 
Theſe mountains are covered down their fides with forefts 
of ſtately trees of various ſorts; ſome (ſuch as pines, &c) 
which are known in Europe; others, fuck as are pecu- 
liar to the country and climate. The vallies and ſides of 
the hills which admit of cultivation are not unfruitful, 
but produce crops of wheat, barle y, and rice. The in- 
habitants are a ſtout and warhke people, of a copper 
complexion, in ſize rather above the middle European 
{tature, haſty and quarrelſome in ther temper, and ad- 
dicted to the uſe of ſpirituous liquors; but honeſt in 
their dealings, robbery by violence being almoſt unknown 
among them. The chief city is Taſſey Seddein ſituated 
on the Patchoo. Thibet begins properly from the top of 


the great ridge of the Caucaſus, and extends from thence 
in 
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in breadth to the confines of Great Tartary, and perhaps 
to ſome of the dominions of the Ruſſian empire. Mr. 
BOGLE ſays, that having once attained the ſummit of 
the Boutan mountains, you do not deſcend in an equal 
proportion on the fide of Thibet; but, continuing ſtill 
on a very elevated baſe, you traverſe vallies which are 
wider and not ſo deep as the former, and mountains that 
are neither ſo ſteep, nor apparently ſo high. On the 
other hand, he repreſents it as the moſt bare and deſolate 
country he ever ſaw. The woods, which every where 
cover the mountains in Boutan, are here totally un- 
known; and, except a few ſtraggling trees near the vil- 
lages, nothing of the ſort to be ſeen. The climate is 
extremely ſevere and rude. At Chamnanning, where 
he wintered, although it be in latitude 31* 39/, only 85 
to the northward of Calcutta, he often found the ther- 
mometer in his room at 297 under the freezing point by 
FAHRENHETT'S ſcale; and in the middle of April the 
ſtanding waters were all frozen, and heavy ſhowers of 
inow perpetually fel. This, no doubt, muſt be owing 
to the great elevation of the country, and to the vaſt 
frozen ſpace over which the north wind blows uninter- 
ruptedly from the pole, through the vaſt deſarts of Si- 
beria and Tartary, till it is ſtopped by this formidable 
Wall. 


The 
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The Thibetians are of a ſmaller ſize than their 
ſouthern neighbours, and of a leſs robuſt make. Their 
complexions are alſo fairer, and many of them have even 
a ruddinefs in their countenances. unknown in the other 
climates of the eaſt. Thoſe whom I ſaw at Calcutta ap- 
peared to have quite the Tartar face. They are of a mild 
and chearful temper; and Mr. B0GLE ſays, that the 
higher ranks are polite and entertaining in converſation, 
in which they never mix either ſtrained compliments or 
flattery. The common people, both in Boutan and Thi- 
bet, are cloathed in coarſe woollen ſtuffs of their own 
manufacture, lined with ſuch ſkins as they can procure; 
but the better orders of men are dreſſed in European cloth, 
or China ſilk, lined with the fineft Siberian furs. The 
ambaſſador from the Deb Rajah, in his ſuramer-dreſs at 
Calcutta, appeared exactly like the figures we ſee in the 
Chineſe paintings, with the conical hat, the tunick of 
brocaded ſilk, and light boots. The Thebetian who 
brought the firſt letter from the Lama was wrapped up 
from head to foot in furs. The uſe of linen is totally 
unknown among them, Fhe chief food of the inhabi- 


tants is the milk of their cattle, prepared into cheeſe, but- 
ter, or mixed with the flour of a coarſe barley or of peas, 
the only grain which their ſoil produces; and even theſe 
articles are in a ſcanty proportion: but they are furniſhed 

with 
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with rice and wheat from Bengal and other countries in 
their neighbourhood. They alſo are ſupplied with fiſh 
from the rivers in their own' and the neighbouring pro- 
vinces, ſalted and ſent into the interior parts. They have 
no want of animal food from the cattle; ſheep, and hogs, 
which are raiſed on their hills; and are not deſtitute of 
game, though I believe it is not abu adant. They have a 
ſingular method of preparing their mutton, by expoſing 
the carcaſe entire, after the bowels are taken out, to the 
Sun and bleak northern winds which blow in the months 
of Auguft and September, without froſt, and fo dry up 
the j juices and parch the ſkin, that the meat will keep un- 
corrupted for the year round. This they generally eat 
raw, without any other preparation. Mr. BOGLE was 
often regaled with this diſh, which, however unpalatable 
at firſt, he ſays, he afterwards preferred to their dreſſed 
mutton juſt killed, which was generally lean, tough, and 
rank, It was alſo very common for the head men, in the 
villages through which he paſſed, to make him preſents 
of ſheep ſo prepared, ſet before him on their legs as if 
they had been alive, which at firſt had a very odd ap- 

Pearance. 

The religion and political conſtitution of this country, 
which are intimately blended together, would make a 
conſiderable chapter in its hiſtory. It ſuffices for me to 
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fay, that at preſent, and ever fince the expulſion of the 
Elath Tartars, the kingdom of Thibet is regarded as 
depending on the empire of China, which they call 
Cathay; and there actually reſide two mandarines, with 
a garriſon of a thguſand Chineſe, at Lahaſſa the capital, 
to ſupport the government; but their power does not 
extend far: and in fact the Lama, whoſe empire is 
founded on the ſureſt grounds, perſonal affection and 
religious reverence, governs every thing internally with 
unbounded authority. Every body knows that the Delai 
Lama 1s the great object of adoration for the various 
tribes of heathen Tartars, who roam through the vaſt 
tract of continent which ſtretches from the banks of the 
Volga to Correa on the ſea of Japan, the moſt extenſive 
religious dominion, perhaps, on the face of the globe. 
He is not only the ſovereign Pontiff, the vicegerent of 
the Deity on earth; but, as ſuperſtition is ever the ſtrongeſt 
where it is moſt removed from its object, the more re- 
mote Tartars abſolutely regard him as the Deity himſelf. 
They believe him immortal, and endowed with all Know- 
ledge and virtue. Every year they come up from dif- 
ferent parts, to worſhip and make rich offerings at his 


ſhrine; even the emperor of China, who is a Mantchou 
Tartar, does not fail in acknowledgements to him in his 
religious capacity, and actually entertains at a great 
expe nce, 
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expence, in the palace of Pekin, an inferior Lama, de- 
puted as His Nuncio from Thibet. It is even reported, 
that many of the Tartar chiefs receive certain preſents, 
conſiſting of ſmall portions of that, from him, which i ad 
ever regarded in all other perſons as the moſt humiliating g 
proof of human nature, and of being ſubject to its laws, 
and treaſure it up with great reverence in gold boxes, | 
to be mixed occaſionally in their ragouts. It is, how- 
ever, but juſtice to declare, that Mr. BocLE ftrenuouſly 
inſiſts, that the Lama never makes ſuch preſents; but 
that he often diſtributes little balls of conſecrated flour, 
- like the pain benit of the Roman catholics, which the 
ſuperſtition and blind credulitity of his Tartar votaries 
may afterwards convert into what they pleaſe. The or- 
thodox opinion is, that when the grand Lama ſeems to 
die, either of old age or of infirmity, his ſoul in fact only 
quits an actual crazy habitation to look for another 
younger or better, and it is diſcovered again in the body 
of ſome child, by certain tokens known only to the 
Lamas or Prieſts, in which order he always appears. 
The preſent Delai Lama is an infant, and was diſcovered | 
only a few years ago by the Tayſhoo Lama, who in au- 
thority and ſanctity of character is next to him, and con- 
lequently, during the other's minority, acts as chief. The 
Lamas, who form the moſt numerous as well as the moſt 
Qaos. powerful 
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powerful Lody in the ſtate, have the prieſthood entirely 
in their hands; and, beſides, fill up many monaſtic orders 
which are held i in great veneration among them. Celi- 
bacy, I believe, is not poſitively enjoined to-the Lamas; 
but it is held indiſpenſable for both men and women, 
who embrace a religious life: and indeed their celibacy, 
their living in communities, their cloyſters, their ſervice 
in the choirs, their ftrings of beads, their faſts, and their 
penances, give them ſo much the air of Chriſtian monks, 
that it is not ſurprizing an illiterate capuchin ſhould be 
ready to hail them brothers, and think he. can trace the 
features of St. Francis in every thing about them. It is 
an old notion, that the religion of Thibet is a corrupted 
Chriſtianity; and even Father DISEDER11, a Jeſuit (but 
not of the Chineſe miſſion) who viſited the country 
about the beginning of this century, thinks he can re- 
ſolve all their myſteries into ours; and aſſerts, with a 
true myſtical penetration, that they have certainly a good 


notion of the Trinity, ſince, in their addreſs to the Deity, 


they ſay as often Konciok-oik in the plural as Konciok 


in the ſingular, and with their rofaries pronounce theſe 
words, Om, ha, hum. The truth is, that the religion of 
Thibet, from whence-ever it ſprung, is pure and ſimple 
in its ſource, conveying very exalted notions of the.Deity, 


with no contemptible ſyſtem of morality; but in its 
progreſs 
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progreſs it has been greatly altered and corrupted by the 
inventions of worldly men, a fate we can hardly regret in 
a ſyſtem of error, ſince we know that that of truth has 
been ſubject to the ſame. Pglygamy, at leaſt in the ſenſe 
we commonly receive the word, is not in practice among 
them; but it exiſts in a manner ſtill more repugnant to 
European ideas; I mean in the plurality of huſbands, 
| which is firmly eſtabliſhed and highly reſpected there. 
In a country where the means of ſubſiſting a family are 
not eaſily found, it ſeems not impalitic to allow a ſet of 
brothers to agree in raiſing one, which is to be main 
tained by their joint efforts. In ſhort, it is uſual in Thi- 
bet for the brothers in the family to have a wife in com- 
mon, and they generally live in great harmony and com- 
fort with her; not but ſometimes little diſſenſions wilt 
ariſe (as may happen in families conſtituted upon dit- 
ferent principles) an inſtance of which Mr. BOGLE men- 
tions in the caſe of a modeſt and virtuous lady, the wife 
of half a dozen of the Tayſhoo Lama's nephews, who 
complained to the uncle, that the two youngeſt of her 
huſbands did not furniſh that ſhare of love and benevo- 
lence to the common ſtock which duty and religion re- 
quired of them. In ſhort, however ſtrange this cuſtom 
may appear to us, it is an undoubted fact that it prevails 
in Thibet in the manner I have deſcribed. 


5 The 
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The manner of beftowing their dead is alſo ſingular: 
they neither put them in the ground like the Europeans, 
nor burn them like the Hindoos; but expoſe them on 
the bleak pinnacle of ſome neighbouring mountain, to 
be devaured by wild beaſts and birds of prey, or waſted 
away by time and the viciſſitudes of weather in which 
they lie, The mangled carcaſes and bleached bones lye 
ſcattered about; and, amidſt this ſcene of horror, ſome: 
miſerable old wretch, man or woman, loſt to all feelings 
but thoſe of ſuperſtition, . generally ſets up an abode, to 
perform the diſmal office of receiving the bodies, affign- 
ing each a place, and nns up the remains hen too 
widely diſperſed. 

The religion of Thibet, A be in many of its 
principal dagmata totally repugnant to that of the Bra- 
mins or of India, yet in others it has a great affimity to 
it. They have, for inſtance, a great veneration for the 
cow; but they transfer it wholly from the common ſpe- 
cies to that which bears the tails, of which I ſhall ſpeak 
hereafter. They alſo highly reſpect the waters of the 
Ganges, the fource of which they believe to be in Hea- 
ven; and one of the firſt effects which the treaty with 
the Lama produced, was an application to the governor- 
general, for leave to build a place of worſhip on its 
banks. This it may be imagined was not refuſed; and, 
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when I left Bengal, a ſpot of ground was actually af- 
fgned for that purpoſe, about two or three miles from 
Calcutta. On the other hand, the Sunniaſſes, or Indian 
pilgrims, often viſit 'Thibet as a holy place, and the Lama 
always entertains a body of two or three hundred in his 
pay. The reſidence of the Delai Lama is at Pateli, a vaſt 
palace on a mountain near the banks of the Barampoo- 
ter, about ſeven. miles from Lahafſa. The Tayſhoo 
Lama has ſeveral palaces or caftles, in one of which Mr. 
3OGLE lived with him five months. He repreſents the 
Lama as one of the moſt amiable as well as intelligent 
men he ever knew; maintaining his rank witk the ut- - 
moſt mildneſs of authority, and living in the greateſt pu- 
rity of manners, without ſtarchneſs or affectation. Every 
thing within the gates breathed peace, order, and digni- 
ned elegance. The caſtle is of ſtone or brick, with many 
courts, lofty halls, terraces, and porticos; and the apart- 
ments are in general roomy, and highly finiſhed in the 
Chineſe ſtile, with gilding, painting, and varniſh. There 
are two conveniencies to which they are utter ſtrangers, 
itair-caſes and windows, There is no acceſs to the upper 
rooms but by a ſort of ladders of wood or iron; and for 
windows they have only holes in the cielings, with pent- 
houſe covers, contrived fo as to ſhut up on the weather- 
idle. Fang is ſo ſcarce, that little is uſed but for culinary 
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purpoſes; and they truſt altogether for warmth in their 
houſes to their furs and other cloathing. The Lama, who 
is compleatly converſant in what regards Tartary, China, 
and all the kingdoms in the Eaſt, was exceedingly inqui- 
ſitive about Europe, its politics, laws, arts and ſciences, 
government, commerce, and military ſtrength; on all 
which heads Mr. BoGLE endeavoured to ſatisfy him, and 
actually compiled for his ſervice a brief ſtate of Europe 
in the Hindoſtan language, which he ordered to be tran- 
flated into that of Thibet. The Lama being born at 
Latack, a frontier province next Caſſamire, is fully maſter 
of the Hindoſtan language, and always converſed with 
Mr. BOGLE in it; but the people, who are perſuaded he 
underſtands all languages, believed he ſpoke to him in 
Engliſh, or, as they call it, the European tongue. The 
Ruſſian Empire was the only one in Europe known to 
kim: he has a high idea of its riches and ſtrength, and 
had heard of its wars and ſucceſs againſt the Empire of 
Rome (for ſo they call the Turkiſh ſtate); but could not 
conceive it could be in any wiſe a match for Cathay. 
Many of the Tartar ſubjects of Ruſſia come to Thibet; 
and the Czar has even, at various times, ſent letters and 
| preſents to the Lama. Mr. BoGLE ſaw many European 
articles in his hands; pictures, looking-glaſſes, and 
trinkets of gold, ſilver, and ſteel, chiefly Engliſh, which 
he 
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he had received that way, particularly a GRAHaM's re- 
peating watch, which had been dead, as they faid, for 
ſome time, While he was there, ſeveral Mongots and 

Calmucs arrived from Siberia, with whom he converſed. 
I he city of Lahaſſa, which is the capital, is of no incon- 
ſiderable ſize, and is repreſented as populous and flou- 
riſhing. It is the reſidence of the chief officers of go- 
vernment, and of the Chineſe mandarins and their ſuite. 
It is alſo inhabited by Chineſe and Caſſemirian mer- 
chants and artificers, and is the daily reſort of number- 
leſs traders from all quarters, who come in occafional 
parties, or in ſtated caravans. The waters of the Great 
River, as it is emphatically called in their language, waſh 
its walls. Father DUHALDE, with great accuracy, traces 
this river, which he never ſuſpects to be the Baram- 
pooter, from its origin in the Caſſemirian mountains 
(probably from the ſame ſpring which gives riſe to the 
Ganges) through the great valley of Thibet, till, turning 
ſuddenly to the ſouthward, he loſes it in the kingdom of 
Aſſam; but till, with great judgement and probability of 
conjecture, ſuppoſes it reaches the Indian ſea ſomewhere 
in Pegu or Aracan. The truth is, however, that it turns 
ſuddenly again in the middle of Aſſam, and, traverſing 
that country weſterly, enters Bengal towards Ranga- 
matty, under the above-mentioned name, and thence 
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bending its courſe more ſoutherly, joins the Ganges, its 
ſiſter and rival, with an equal, if not more copious 
ſtream; forming at the conflux a body of running freſh 
water, hardly to be paralleled in the known world, which 
diſembogues itſelf into the Bay of Bengal. Two ſuch 
rivers uniting in this happy country, with all the beauty, 
fertility, and convenience which they bring, well entitles. 
it to the name of the Paradiſe of Nations, always be- 
towed upon it by the. Moguls.. 

The chief trade from Lahaſſa to Pekin is carried on 
by caravans that emplay full two years in the journey 
| thither and back again; which is not ſurprizing, when 
we conſider that the diſtance cannot be leſs than two thou- 
ſand Engliſh miles; and yet it is to be obſerved, that an ex- 
preſs from Lahaſſa reaches Pekin in three weeks, a cir- 
cumſtance much to the honour of the Chineſe police, 
which knows toeſtabliſh ſo ſpeedy and effectual a commu- 
nication through mountains and deſarts for ſo long a way. 
The trade with Siberia is carried on by caravans toSeling, 
which is undoubtedly the Selinginiky of the Ruſſian tra- 
vellers on the borders of Baykal lake. And this accounts 
for an extraordinary fact mentioned by BELL; that, on 
the banks of the river-of that name, he ane day found 
a man buſy in redeeming, from ſome boys who were 
angling, the fiſh they caught, and throwing them into 

the 
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the water again; and from this circumſtance, and the 
mark on his forehead, knew him to be an Indian. On 
converſing with him, he found his conjecture to be right. 
The man told him, he came from Madraſs, had been two 
years on his journey, and mentioned by name ſome of 
the principal Engliſh gentlemen there. This Indian, no 
doubt, muſt have travelled as a Faquier or Sunniaſſy 
through Bengal into Thibet, and from thence paſſed 
with the caravan to Selinginſky, where BELL found him. 
It is proper to remark, that the Indians have. an admira- 
ble method of turning godlineſs into great gain, it being 
uſual for the Faquiers to carry with them, in their pil- 
grimages from the ſea-coaſts to the interior parts, pearls, 
corals, ſpices, and other precious articles, of ſmall bulk, 
which they exchange on their return for gold-duſt, 
muſk, and other things of a ſimilar nature, concealing 
them eaſily in-their hair and in the cloths round their 
middle, and carrying on, conſidering their numbers, no 
inconſiderable traffic by theſe means. The Gofleigns are 
alſoof a religious order, but indignity above the Faquiers; 
and they drive a more extenſive and a more open trade 
with that country. 

A particular account of the commerce would be fo- 
reign to the purport of this letter; but, as it would leave 
the information which I wiſh to convey very incom- 
RTTY2 pleat, 
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pleat, did I not mention the ſources from which this 
country, ſo apparently poor and unfruitful, draws a ſup- 
ply of the foreign articles of convenience and luxury, 
which I have occafionally ſaid they poſſeſs; I ſhall ju t 
obſerve, that, beſides their leſs traffic with their neigh- 
bours in horſes, hogs, rock-ſalt, coarſe cloths, and other 
articles, they enjoy four ſtaple articles, which are ſuffi- 
cient in themſelves to procure every foreign commodity 
of which they ſtand in need; all of which are natural 
productions, and deſerve to be particularly noticed. The 
firſt, though the leaſt conſiderable, is that of the cow- 
tails, ſo famous all over India, Perſia, and the other king- 
doms of the Eaſt. It is produced by a ſpecies of cow 
or bullock different from what I believe is found in any 
other country. It is of a larger ſize than the common 
Thibet breed, has ſhort horns, and no hump on its back. 
Its ſkin is covered, with whitiſh hair of a filky appear- 
ance; but its chief ſingularity is in its tail, which ſpreads 
out broad and tong, with flowing hairs, like that of a 
beautiful mare, but much finer and far more gloſſy. Mr. 
BOGLE ſent down two of this breed to Mr. HASTINGS, 
but they died before they reached Calcutta. The tails ſell 
very high, and are uſed, mounted on ſilver handles, for 
Chrowras, or brufhes, to chaſe away the flies; and no 
man of conſequence in India ever goes out, or fits in 
form 
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form at home, without two Chowrawbadars, or bruſhers, 
attending him, with ſuch inſtruments in their hands. 
The next article is the wool from which the Shaul, 
the moſt delicate woollen manufacture in the world, fo 
much prized in the Eaſt, and now ſo well known in Eng- 
land, is made. Till Mr. BoGLE's journey our notions on 
that ſubject were very crude and imperfe&t. As the 
Shauls all come from Caſſemire, we concluded the ma- 
terial from which they were fabricated to be alſo of that 
country's growth. It was ſaid to be the hair of a particu- 
lar goat, the fine under hair from a camel's breaſt, and a 
thouſand other fancies; but we now know it for certain. 
to be the produce of a Thibet ſheep. Mr. #asTINGs had 
one or two of theſe in his paddock when J left Bengal. 
They are of a ſmall breed, in figure nothing differing 
from our ſheep, except in their tails, which are very 
broad; but their fleeces, for the fineneſs, length, and 
beauty of the wool, exceed all others in the world. The 
Caſſemirians engroſs this article, and have factors eſta- 
bliſned for its purchaſe in every part of Thibet, from 
whence it is ſent to Caſfemire, where it is worked up, 
and becomes a ſource of great wealth to that country, as 
Well as it is originally to Thibet. 

Muſk is another of their ſtaple articles, of which it 


will be needleſs to ſay much, as the nature, quality, and 
value, 
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value of this precious commodity are ſo well known in 
Europe. I ſhall only remark, that the deer which pro- 
duces it is common in the mountains; but being exceſ- 
ſively ſhy, and frequenting ſolely the places the moſt 
wild and difficult of acceſs, it becomes a trade of great 
trouble and danger to hunt after. We have the muſk 
ſent down to Calcutta in the natural bag, not without 
great riſk of its being adulterated; but ſtill it is far ſupe- 
rior to any thing of the kind that is to be met with in 
ſale in Europe. 

The laſt of the articles which I reckon ſtaple is gold, 
of which great quantities are exported from Thibet. It 
is found in the ſands of the Great River, as well as in 


moſt of the ſmall brooks and torrents that pour from the 
mountains. The quantity gathered in this manner, 
though conſiderable with reſpect to national gain, pays 
the individual but very moderately for the labour be- 
ſtowed on it. But, beſides this, there are mines of that 
metal in the northern parts, which are the reſerved pro- 
perty of the Lama, and rented out to thoſe who work 
them. It is not found in ore, but always in a pure me- 
tallic ſtate (as I believe it to be the caſe in all other mines 
of this metal) and only requires to be ſeparated from the 
ſpar, ſtone, or flint, to which it adheres. Mr. HASTINGS 
had a jump ſent to him at Calcutta, of about the ſize of 

a bullock's 
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x bullock's kidney, which was a hard flint veined with 
ſolid gold. He cauſed it to be ſawed in two, and it was 
found throughout interlarded (if I may be allowed the ex- 
preſſion) with the pureſt metal. Although they have 
this gold in great plenty in Thibet, they do not employ 
it in coin, of which their government never ſtrikes any; 
but it is ſtill uſed as a medium of commerce, and goods 
are rated there by the purſe of gold-duſt, as here by mo- 
ney. The Chineſe draw it from them to a great amount 
every year, in return for the produce of their labour 
and arts. 

I could wiſh to add to this account ſomething reſpect- 
ing the plants and other botanical productions of this 
country; but I would not preſume to offer any thing but 
what is authentic and exact, as far as my knowledge 
goes. Mr. BOGLE will no doubt be able to fatisfy the 
learned in that branch, reſpecting many things of which 
I have at preſent no information. He ſent down to Cal- 
cutta many ſeeds, grains, kernels,. and fruits, part of 
which only arrived ſafe. Of the laſt I taſted ſeveral, they 
were chiefly of the European ſorts, ſuch as peaches, 
apples, pears, &c. and therefore more deſirable for us in 
Bengal; but they were all to me inſipid and bad. 

{ am now, sia, to cloſe theſe remarks with craving 
your forgiveneſs for having thus ſtarted a now ſubject of 

6 | curioſity, 
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1 curioſity, without the means of giving more compleat 
| light concerning it. Time and opportunity may. put more 
| in my power on my return to India. In the mean time, 1 
hope the Society will accept as a-rarity the tranſlation of 
the original letter which the Tayſhoo Lama wrote to Mr. 
HASTINGS, by the envoy whom he ſent to ſolicit a peace 
for the Deb Rajah. It came into my hands in the courſe 
of my office, and by the permiſſion of the Governor 
| general I retained a copy. 


| The original is in Perſian, a language which the Lama 
| was obliged to employ, that of Thibet, although very 
elegant and expreſſive, as it is ſaid, being totally unin- 
telligible in Bengal. A letter under the ſanction of a 
character ſo long talked of in the weſtern world, but fo 
1 little known, alone renders it an object of curioſity; but, 
| when it is found. to contain ſentiments of juſtice, bene- 
volence, and piety, couched in a ſimple ſtyle, not with- 
out dignity, and in general exempt from:the high-flown 
compliments and ſtrained metaphors ſo common among 
the other people of the Eaſt, I have no doubt of its 
being received with approbation; at any rate, it will ierve 
as a ſpecimen of the way of thinking and writing among 
a people whoſe country and manners I have made the 
ſubject of the foregoing ſketch. 


Tran/lation 
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Tran/lation of a Letter Si the Tayſhoo Lama 70 My. 
HASTINGS, Governor of W received the 2976 a 
a I 7 7 ad 


THE affairs of this quarter in every reſpect flouriſhs 
I am night and day employed for the increaſe of your 
happineſs and proſperity. Having been informed, by 
travellers from your quarter, of your exalted fame and 
reputation, my heart, like the bloſſom of ſpring, abounds 
with ſatis faction, gladneſs, and joy. Praiſe God that the 
ſtar of your fortune is in its aſcenſion. Praiſe him, that 
happineſs and eaſe are the ſurrounding attendants of 
myſelf and family. Neither to moleſt or perſecute is 
my aim: it is even the characteriſtic of our ſect to de- 
prive ourſelves of the neceſſary refreſhment of ſleep, 
ſhould an injury be done to a ſingle individual; but in 
Juſtice and humanity, I am informed you far ſurpaſs us. 
May you ever adorn the ſeat of juſtice and power, that 
mankind may, in the ſhadow of your boſom, enjoy the 
bleſſings of peace and affluence! By your favour I am 
the Rajah and Lama of this country, and rule over a 

VoL. LXVII. 811 number 
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number of: ſubjects; a particular with which you 1 
no doubt been acquainted by travellers from theſe parts. 
I have been repeatedly informed, that you have been 
engaged in hoſtilities againſt the Dah Terria, to which 
it is ſaid the Dah's. own criminal conduct, in committing 
ravages and other outrages on your frontiers, gave riſe, 
As he is of a rude and ignorant race, . paſt times are not 


-deftitute of the like miſconduct which His avarice 
tempted him to commit. It is not unlikely but he has 


now renewed thoſe inftances, and the ravages and plun- 
der which he may have committed on: the ſkirts of the 
Bengal and Bahar provinces, have-given you provocation 
to ſend your vindiftive army againſt him: However, his 
party has been defeated, many of his people have been 


- Killed, three forts have been taken from him, and'he has 


met with the puniſſiment he deſerved. ' It is as evident 
-as'the Sun that your army has been victorious; and that, 
if you had been deſirous of it, you might in tlie ſpace of 

two days have entirely extirpated him, for he Had not 

power to reſiſt your efforts. But I now take upon me to 

be his mediator; and to repreſent to you, that, as the ſaid 

Dah Terria is dependant upon the Dalai Lama, who 

rules in this country with unlimited ſway (but, on account 

af his being in his minority, the charge of the govern- 

| ment 
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the Dak's: emi}, it wil irritate. both- the Laos and al 
his ſubjects. againſt you. Therefore, from a regard to 
our. religion, and cuſtoms, I requeſt you. will, ceaſe, all, 
hoſtilities againſt him; and in doing this you will confer. 
the greateſt favour and friendſhip upon me. I have re- 
primanded the Dah for his paſt conduct; and I have ad- 
moniſhed him to deſiſt from his evil practices in future, 
and to be ſubmiſſive to you in all things. I am per- 
ſuaded he will conform to the advice which I have given 
him; and it will be neceffary that you treat him with 
compaſſion and clemency. As to my part, I am but a 
Faquier'”; and it is the cuſtom of my ſect, with the roſary 
in our hands, to pray for the welfare of mankind, and for 
the peace and happineſs of the inhabitants of this coun- 
try; and I do now, with my head uncovered, intreat that 
you may ceaſe all hoftilities againſt the Dah in future, 
It would be needleſs to add to the length of this letter, 
x the bearer of it, who is a Goſeign'”, will repreſent to 


(a) The original being in Perſian, this word is uſed, which can only be 
applied with propriety to a perſon of the Muſſulman faith: here it can only 
: mean a religious perſon in general, Perhaps monk would haye been the beſt 
tranſlation. 


% This means a religious perſon of the Hindoo ſect. 
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you all particulars; and it hoped you will comply there. 
with. In this country, worſhip of the Almi ghty i is the 


profeſſion of all. We poor creatures are in nothing equal 
to you; having, however, a few things in hand, I ſend 
them to you by way of remembrance, and hope for your 
acceptance of them. ; 
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XXVI. Of the Degrees and Quantities of Winds requifite 
to move the heavier Kinds of Wind Machines. In a 
Letter from John Stedman, M. D. Fellow of the Royal 
College of Phy/icians at Edinburgh, to the Reverend 
Samuel Horſley, LL.D. Secretary to the Royal Society. 


Edinburgh, 


S I R, | March 27, 1777. 
Read wo 24, HE irregularity and uncertainty of winds 
1776. 


in this country have been found a con- 
fiderable diſcouragement to erect wind machines. It 
hath frequently happened, that the proprietors of coal 
and other works, after having reared theſe kinds of en- 
gines, and having found them inſufficient for the in- 
tended work, have been obliged to open mines, or to 
erect fire machines. This is chiefly owing to the under- 
takers reckoning upon more winds of a ſufficient power 


to move theſe machines, than we commonly have in this 

country. i 
Theſe machines are rarely erected with us, unleſs 
where a conſiderable moving power is neceſſary. This 
is always the caſe where the larger kind of pump- Work 
is to be kept in motion, or where water is to be extracted 
from 


| 
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from deep pits. Having enquired of many people con- 
cerned in ſuch works, what may be the proportion of 


time in which wind machines may be kept in motion, to 
that in which they cannot move from a defect of wind, 


I found theſe people differing widely i in their conjectures. 
Having, however, met with one gentleman of ob- 
ſervation and accuracy, who had erected a wind ma- 


chine for draining his coal; he told me that, by the beſt 


computation he had been able to make, he never could 
depend upon more than fifty- three or fifty- four hours of 
wind ſufficient for moving that machine, in a week, 
taking the year round. This is below what is commonly 
believed to be the proportion; but, ſo far as this can be 
rated by an eſtimate in the following manner, it will be 


found to be much about what may be depended upon 


for the heavieſt kinds of machines; ſtill making allow- 
ance for the differences of expoſures, and for the ſtrength 


and frequency of winds in one part of the country more 


than in another. We may here take notice of a circum- 


ſtance favourable to the draining of coal-pits; that is, 


that the periods of the year in which the greateſt quan- 
tities of rain fall, are likewiſe obſerved to abound with 
winds of the higher degrees. This ſeldom fails to hold 
in hilly countries, and particularly in thoſe of high lati- 
tudes; that is, where the differences of heats in ſummer 

7 and 


E 
c 
I 
| b 
a 
F 
V 
f 


btn GY oP 


— . + — — a es 


of Winds requiſite to move heavy Wind Machines. | 495 


and of colds in winter are very confiderable. The periods 
of the year here meant will generally be found to fall 
near the Equinoxes. 

The only method of bringing the matter to a proper 
eſtimate is, by comparing the quantities of winds ſuffi- 
cient for moving theſe machines, with thoſe of winds be- 

low that degree, and calms. This computation can only 
| be drawn from journals in which the degrees of winds 
are noted. In the meteorological regiſter of the Medical 
Effays of the Edinburgh Society, there is a column of - 
winds, and four degrees are noted. This diviſion is ſuf- 
ficient for the purpoles for which that regiſter. was in- 
tended; but, when we conſider the wind as a power 
acting upon machines, that number of degrees will be 
found too ſmall. 


Thus, from the ſecond in that regiſter to a hurricane, 
there is but one intermediate degree. As the ſecond de- 
gree, which is very moderate, is inſufficient for moving 
theſe machines; the third is more than juſt enough for 
that purpoſe. A degree, therefore, which is a mean be- 
twixt theſe two, will be found to be the loweſt that is 
ſufficient for moving machines of the heavier kinds, par- 
ticularly ſuch as are uſed for pumping water out of 
coal-pits. . 

Theſe. 
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'Theſe three degrees of wind, that is the ſecond and 
third of the Edinburgh regiſter, and an intermediate de- 
gree, are very diſtinguiſhable even by the ſenſes, and 
without the aſſiſtance of any inſtrument, by thoſe who 
are attentive and have been accuſtomed to make obſer- 
vations of this nature. | 

To aſcertain proportions of this nature, a longer term 
of years would have been more ſatisfactory ; but, in caſe 
others ſhould afterwards purſue this kind of computa- 
tion, the proportions are digeſted in two tables at the end 
of this eflay, and may be conſulted occaſionally. Sb: 

In making up theſe tables, viz. one of the ſecond de- 
gree and above, and the other of the third and upwards, 
hurricanes are included, though that degree of wind be 
too high for any machine. But, as the obſervations were 
taken twice in twenty-four hours, and as winds ſufficient 
to move theſe machines may be ſuppoſed to have hap- 
pened ſometimes between the times of obſervation, 
though at theſe times the wind might have been below 
the mean; to compenſate this defect, hurricanes are in- 
cluded in the computation. 


From theſe tables then we have the following propor- 
tions of the two degrees of winds and upwards, to thoſe 
below; and likewiſe of the mean betwixt thoſe two 
degrees. 

Winds 
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Days. 
Winds of the ſecond degree and upwards in] 1 8. 
each week, „ 
Calms and winds below the ſecond degree, 2.717 
Winds of the third degree and upwards, d. 902 
Calms and winds below the third degree, 6.098 


Winds of a mean proportion between the we a 


preceding degrees, — — 
Calms and winds below the mean degree, 4.408 


The proportion of theſe winds in the year comes out 
in weeks and fractional parts thus: 


Weeks, 
Winds of the ſecond degree and upwards in 
31.903 
the year, — — — 
Calms and winds below the ſecond degree, 20.239 
Winds of the third degree and upwards, 6.719 
Calms and winds below the third degree, 45-423 


Winds of a mean proportion between the two 19.30 
preceding, — — — 


Calms and winds below the mean, — 32.835 


From this computation we have 2. 5 92 days in a week, 
or 19,307 weeks in a year, in which wind machines of 
YoL. LXVII. FT tt | the 
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the heavier kinds, and of conſiderable friction, may be 
ſuppoſed to be kept in motion; which, to the times 
wherein they cannot go, is as 10 to 17. 

It may be obſerved, that the reſiſtance to the machine, 
or its weight and friction, being diminiſhed, though in a 
ſmall degree, will add conſiderably to the frequency and 
length of times in which it can go; ſince it often happens 
that there are winds immediately below the loweſt de- 
gree in the preceding eſtimate, ſufficient to keep the 
lighter machines in motion. Hence thoſe who have 
machines which are not abſolutely of the heavieſt kind, 
will be apt to conclude this computation erroneous. Be- 
ſides, there are few who make allowance for, or attend 
to, the univerſal law which obtains in mechanics, that in 
larger machines, their power doth not increaſe in a pro- 
portion ſo high as their bulk and the reſiſtance ariſing 
from their friction. 

Computations of this nature, if carried on for a ſuffi- 
cient length of time, might be of ſome uſe in regulating 
inſurances, or in pointing out the riſks of nautical ad- 
venturers, when made in the ſame climates with the 
calculation of winds. 


Here I ſhould have concluded; but having, after writing 
what is above, committed theſe tables and obſervations 
to the examination of a learned member of your So- 
7 cietv,; 
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ciety, much converſant in theſe matters, I had the fatiſ- 
faction to find that he- thought them worthy to be 
communicated to the Royal Society; but remarked, that 
the materials, which I had proceeded upon, were not ſo 


applicable to the purpoſe as could have been wiſhed. 
He thinks, that the degrees of winds, being only diſ- 
tinguiſhed into four in the journals from whence thoſe 
tables have been compiled, are much too few to take in 
thoſe of the weaker kind, that will however turn well- 
conftructed wind-mills. Indeed I regretted that the table 
from which I made my eſtimate contained fo few de- 
grees; but it was for that reaſon I calculated an inter- 
mediate degree between the ſecond and the third of our 
meteorological regiſter. Now as all the degrees above 
that intermediate degree are ſufficient to move the hea- 
vieſt machine, and the degrees below it inſufficient for 
that purpoſe, ſo far as I have been able to obſerve, it 
comes to be the ſame as if the table, from which I made 
the eſtimate, had conſiſted of eight degrees, ſuppoſing a 
mean proportion to be found between the other degrees: 
thus, o, +, 1, 12, 2, 25, &c. this laſt number 25, being 
the loweſt degree which I find ſufficient for the heavieſt | 
machines, would have been 5, had theſe fractional parts 
been integers in the table, ſo that the higheſt degree, in- 


ſtead of 4 would have been 8. The mean, therefore, 
Tet 2 between 
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between 2 and 3 being found, will, if I miſtake not, 
anſwer the preceding objection. 

This worthy member, at the end of his obſervations, 
fays, a mill ſo conſtructed may be expected to go the half 
of the year; that is, I preſume, a wind-mill conſtructed 
in the neateſt and moſt ingenious manner. But this, I 
have reaſon to believe, 1s far from being the caſe with 
wind-mills in this country, they being for the moſt part 
clumſy. I doubt not but wind-mills, the conſtruction of 
which this ingenious gentleman hath directed, though 
of the ſame ſize and conſiſting of the ſame numbers 
with thoſe I have ſeen here, will nevertheleſs be moved 
by a lower degree of wind, and conſequently will go a 
greater proportion of time, though they have the ſame re- 
ſtance to overcome as others leſs artificially conſtructed. 
Indeed the ſame wind machine, as is well known, will 
require a degree of wind confiderably higher when 
its joints are dry or become gummy, than when they are 
ſufficiently greaſed, In my eſtimate I have all along had 
an eye to the wind machines which have the greateſt 
reſiſtance to overcome, and conſequently the machines 
themſelves of the largeſt kind. But when the learned 
gentleman ſuppoſes a machine to go one half of the 


year, he may perhaps not underſtand one abſolutely of 
the 
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the largeſt kind. Now as the powers of ſimilar ma- 
chines, but of different magnitudes, are as their cubes, 
but the reſiſtance arifing from their weight and friction 
as the fourth power; it follows, that a ſmall difference in 
the ſize of two or more wind machines will require con- 


ſiderable differences in the winds neceſſary for their 
movements. 


I am, &c. 
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Shewing the Proportion of winds of the ſecond degree 
and upwards, to thoſe of the firſt and below, for five 


years. 
* Proportion ſßroportion, Proportion, Proportion, roportion, Sum ot each; 

Er nd 1934. bod 1735. n re penn 
| & 8 n 733 734 and 1735. fand 1736, ahve years, 

the firſt, &c. | 

in 1731 and 

1732. | 

2 . S|>s Slg SS Sigg Se 

June 16 | 44 | 46 | 14 263424 | 36 | 41 | 19 | 153] 147 
July 7 | 55 | 44 | 18 | 39 | 23 | 29 | 33 | 43 | 19 | 162] 148 
Auguſt 8 54 | 27 | 35 | 20 | 42 | 28 34 | 47 15 130 18 | 
September | 30 | 30 | 24 | 30 | 490 | 20 | 34 | 26 | 34 | 26 | 162] 13 
October 26 36 | 13 49 | 36 26 | 31 | 31 | 35 | 27 | 141] 169 
November | 39 | 21 | 18 | 42 | 5t | 9 | 16 | 44 | 33 | 25 | 157] 141 
December | 43 | 19 | 29 | 33 | 38 | 24 | 46 | 16 | 4x | 21 | 199] 11 
January 55 7 4319 35 27 | 58] 44517 | 236| 74 
February | 45 | 13 | 46 1048 847] 9 42162280 56 
March 39 | 23 50 | 12 [40 | 22 | 53] 9 | 46 | 16 | 228] 82 
April 4416 | 34 | 26 | 42 | 18 | 46 | 14 | 46 | 14 | 212 88 
May {54 | 8]28134|36126|5s| 7157 | 5| 239] 80 
tun ator I 496] 326] 492] 328] 451] 279/467 263] Sie GS cs 4 
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Shewing the proportion of winds of the third degree 
and upwards, to thoſe of the ſecond and below, for 
five years. 


Proportion, [Proportion, Proportion, Proportion, V roportion, Sum of each. 
of winds of ſc 14 1732 |&c, in 1733 |&c. in 1734 0 in 1735 [month for 
3d degreeſand 1733. ſand 1734. [and 1735. 1736. [hve years. 

o thoſe of | | 

he firſt, &c. 

n 1731 and | | 

1732. | 

3 [N sg sg £|.2 3 . N f 
. [BSS [FSF Fs 

2 * . 2 2 «> 3 8 2 2 2 
june 159 6 357 2 58 159 7| 233 
july 1161 75s [ir zr 6] Go | x | 61 | 25 | 285] 
{Auguſt — 62] -=|62| 8] 54| 3 59g | - | 62 | 48 252| 
September | 13 | 47 | 9g | 5: | 10 | 5o| 852 85211 299] 
October 9 53161 [12 5011 51J[ 2 6035275 
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XXVII. Deſcription of the Jeſuits Bark Tree of Jamaica | 
und the Caribbees. By William Wright, M. D. Member 
of the Philoſophical Society of America, and Surgeon- 
general in Jamaica. Communicated by Joſeph Banks, 

Eſquire, F. R. . 


Read April 24, 


HIS ſpecies of Jeſuits bark grows on 
1777. 


ſtony lands near the ſea-ſhore, in the 
_ pariſhes of St. James and Hanover, on the north- ſide of 
Jamaica; and I found one ſmall tree, at a little diſtance 
from the fort, at Martha Brae in the pariſh of Trelawny. 
The tree is called the Sea-ſide Beech, and riſes only to 
twenty feet. The trunk is not thick in proportion, but 
hard, tough, andof a yellowifh-white colour in the inſide. 
The branches and leaves are oppoſite; the leaves are of a 
ruſty green, and the young buds of a blueiſh green hue. 
It bloſſoms in November, and continues in flower till Fe- 
bruary, having on the ſame tree or ſprig, flowers and 
ripe pods. The flowers are of a duſkiſh yellow colour, 
and the pods black : when ripe they ſplit in two, and are, 
with their flat brown ſeeds, in every reſpect ſimilar to 
thoſe 
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thoſe of the Cinchong officinal:s as depicted in a plate ſent 


out by Mr. BANKS. 
The bark of this tree in general is ſmooth and grey 


on the outſide, though in ſome rough and ſcabrous. 
When well dried, the infide is of a dark-brown colour. 
Its flavour at firſt is ſweet, with a mixture of the taſte of 
horſe-radiſh and of aromatics of the Eaſt; but, when 
ſwallowed, of that very bittcrneſs and aftringency which 
characteriſes the Peruvian bark. It yields theſe qualities 
ſtrongly to water both when cold and in decoction, Half 
an ounce, boiled from two pounds to one pound of water, 
made as ſtrong a decoction as three times its wei ght of the 
Cinchona vera. The colour was brown, but not turbid. 

I have had many opportunities of trying its effects, 


eſpecially in remittents, which are the moſt common 
and fatal fevers in theſe climes. A vomit or gentle 
purge, if neceſſary, was firſt given; and then imme- 
lately this bark ſo ſoon as they operated. I obſerved 
that it ſtrengthened the ſtomach, checked retching and 
vomiting, corrected morbid humours in prima vice, and 
conquered ſpeedily the diſeaſe. My ſucceſs in ſuch a 
dangerous malady leaves not a doubt on my mind, but 
that it will prove equally efficacious in every other caſe 
where a tonic and aatiſeptic medicine 1s indicated. 
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CINCHONA JAMAICENCIS, ſeu CARIBBEANA:. 
CINCHONA CARIBAA, Linn. Spec. Plant. 245. 


FOL. ovata, integerrima, acuta, enervia, oppoſita. 

FLOR. ſingulares, axillares. 

CAL, Perianthium monophyllum, ſuperum, quinque- 
fidum, minimum, perſiſtens, campanulatum, obſo- 
letiſſimè quinquedentatum. 

cok. monopetala, infundibiliformis. Tabus cylindraceus, 
longiſſimus: Limbus quinquepartitus, tubo equa- 
lis: Laciniis. ovatis, oblongis, reflexis, quandoque. 
pendulis. 

STAM. Filamenta quinque, filiformia, erecta e medio tubi, 
longitudine corollæ. Antberæ longiſſimæ, obtuſæ, 
erectze ſupra baſin exteriorem, affixæ in fauce corollæ. 

CAPS. bipartibilis in duas partes — paralello, 
latere inferiore dehiſcens. 

SEM. plurima, compreſſa, marginata, oblonga. 
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XXVIII. Deſcription and Uſe of the Cabbage-bark Tree 
of Jamaica. By William Wright, M. D.; commu- 
nicated by Richard Brockleſby, M. D. F. R. 5. 


Read May 1, 


HE Cabbage-bark tree, or Worm-bark 
1777. 


tree, grows in moſt parts of Jamaica, 
and particularly abounds in the low Savannahs of St. 
Mary and St. George. It riſes to a conſiderable height, 
but no great thickneſs, ſending off branches towards the 
top of a ſtraight, ſmooth trunk. The leaves are, when 
young, of a light-green hue; when full-grown, of a 
dark-green colour; and before they drop, of a ruſty ap- 
pearance. 

The flower-ſpike is long and beautifully branched. 
The flowers are numerous; their calyces of a dark pur- 
ple; their petalt of the colour of the pale-roſe; the nec- 
taria muſt contain much honey, as thouſands of bees, 
beetles of various kinds, butter- flies, and humming- birds, 
are continually feeding thereon. 

The pericarpium is a green, hard fruit, of the ſize of 
the ſmaller plumb. The ſkin is of the thickneis of a 
crown- piece; and taſtes very auſtere. The kernel is 
covered with a brown 1kin like that of other nuts; it is 
very hard, and taſtes aſtringent. 

Uun 2 The 
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The wood is hard, and takes a good poliſh. It is 
however fit only for rafters or other parts of ſmall build- 
ings; but this tree is valued. chiefly for its bark, which 


externally is of a grey colour, and the infide black and 


furrowed. 
Freth cabbage-bark taſtes mucilaginous, ſweet, and 


infipid. Its ſmell, however, is rather diſagreeable, and it 
retains it in the decoction; hence by ſome called the 
bulge-water tree. 
Mr. PETER DUGUI1D, formerly of this 1fland, ſeems to 
have been the firſt that gave any account of the virtues 
of this bark, in the Edinburgh Eflays, Phyſical and Li- 
terary, vol. II. The experiments he promiſed have never 
vet appeared. It is certain it has powerful effects, and its 


anthelmintic quality is eſtabliſhed by the experience of 


teveral ages. It is at preſent in general uſe here, and 
begins to be known in Europe. No deſcription having yet 
appeared, I have ſupplied that defect as far as my abi- 
lities in Botany reached. It remains now to proceed 
to its exhibition, and the purpoſes it is meant to anſwer 
as a medicine. 

Cabbage-bark may be given in different forms; as in 
decoction, ſyrup, powder, and extract. I have uſed them 


all, and ſhall ſpeak of them ſeparately. 
2 'The 
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The decoction. Take freſh-dried or well-preſerved 
cabbage-bark, one ounce. Boil it in a quart of water, over 
a {low fire, till the water is of an amber colour, or rather 
of deep coloured Madeira wine; ſtrain it off, ſweeten it 
with ſugar, and let it be uſed immediately, as it does not 
keep many days. | 

Syrup of Cabbage-bark, To any quantity of the 
above decoction add a double portion of tugar, and make 
a ſyrup. This will retain its virtues for years. 

- The extract of cabbage-bark is made by evaporating 
the ſtrong decoction in Salneo marie to the proper con- 
ſiſtence; it muſt be continually ſtirred, as otherwiſe the 
reſinous part riſes to the top, and on this probably its 
efficacy depends. 

The powder of well-dried bark is eaſily made, and 
looks like jallap, though not of equal ſpecific gravity. 

This bark, like moit other powerful anthelmintics, 
has a narcotic effect; and on this account it is always 
proper to begin with ſmall doſes, which may be gra- 
dually increaſed till a nauſea is excited, when the doſe for 
that patient is aſcertained. But by frequent ule we can 
in con:mon determine the doſe, though we chule to err 
rather on the ſafe ſide. 

A ſtrung healthy grown perſon may, at firſt, take four 
table ſpoonfuls of the decoction or {yrup, three grains 


of the extract, or thirty grains of the powder for a doſe. 
A. vouth, 
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A youth, three table ſpoonfuls of the decoction or ſy- 
rup, two grains of extract, or twenty grains of powder. 

A perſon of ten years of age, two table ſpoonfuls of 
the decoction or ſyrup, one grain and a half of extract, 
or fifteen grains of the powder. 

Children of two or three years old, a table ſpoonful of 
the decoction or ſyrup, one grain of extract, or ten grains 
of the powder. Children of a year old, half the quantity. 

Theſe may be increaſed, as above obſerved, till a nau- 
ſea is excited, which will depend on the ſtrength, ſex, 
and habit of body-of-the patient. 

Care mult be taken that cold water benotdrank during 
the operation of this medicine, as it is in this caſe apt to 
.occaſion ſickneſs, vomiting, fever, and delirium. When 
this happens, or when an over large doſe has been given, 

the ſtomach muſt be waſhed with warm water: the pa- 
tient muſt ſpeedily be purged with Caſtor-oil and uſe 


plenty of lime Juice beverage for common drink; vege- 
table acid being a powerful antidote in this caſe, as well 

as in an over doſe of opium. 
The decoction is what is moſtly given here, and ſeldom 
fails to perform every thing that can be expected from 
an anthelmintic medicine, by deſtroying worms in the 
inteſtines, and bringing them away in great quantities. 
By frequent uſe, however, theſe animals become fami- 
Iiarized, 


* 
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liarized, and we find it neceſſary to intermit it, or have 
recourſe to others of inferior merit. 


The writers of the Edinburgh Medical Commentaries 
take notice, that the decoction of cabbage- bark always 
excites vomiting. We find no ſuch effect from it here, 
and may account for it by their receiving it in a mouldy 
ſate.. A ſyrup, therefore, is given there with better ef- 
fect. They obſerve alſo that it has a diuretic virtue, 
which we have not taken notice of here. 

This bark purges pretty briſkly, eſpecially in powder, 
thirty or forty grains working as well as jallap by ſtool; 
but in this way it does not ſeem to kill worms ſo well as. 
in decoction. 

Five grains of the extract made a ſtrong man ſick, and 
purged him ſeveral times; but, by frequent uſe, he took. 
ten grains to produce at length the ſame effect. 

It muſt not be concealed that fatal accidents have hap- 
pened from the imprudent adminiſtration. of this bark, 
chiefly from over-doſing the medicine. But this cannot 
letract from the merit of the cabbage-bark, ſince the beſt. 
nedicines, when abuſed, become deleterious; and even 


dur beſt aliments, in too great quantity, prove deſtructive. 
Upon the whole, the cabbage-bark is a moſt valuable 
remedy, and I hope will become. an addition to the ,a- 
ia medica. 

Uu u. 4 GEOFFRAA. 
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SEM, Num fub-ovata, ſub-lignea, ſulco utrinque longi- 


— 


. g- K 
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FOL. oppoſita, oblongo- ovata, ternata, acuminata, ſu- 
perne glabra, infernè enervia, petiolis brevibus. 
CAL. Periantbium monophyllum, campanulatum, le- 
viſſimè quinquepartitum, /acins ovatis, brevibus. 
COR. Papilionacea: Yexilium ſubrotundum, coneavum: 
Ale obtuſe, concave, lon gitudine vexilli. Carina 
ovata, patens, in duabus partibus leviſſimè diviſa. 
sTAM. diadelpha, decem, filiformia, in calyce inſerta, 
longitudine alarum. Autberæ ſubrotundæ. 
risT. ſubulatum, filiforme. Sigma nullum. Germen 
ovato-oblongum, compreſſum. | 
PER. Drupa fab-ovata, magna. 


tudinali, bivalvis. 

The botanical reader will ſee how nearly this agrees 
with the Geofr aa ſpinoſa of LINNXUs. The Genera of 
plants are ſufficiently multiplied, and it was thought beſt 
to make this a ſpecies only. 
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NIX. dla be airy, "_ order to a 


"7he boight bf "Mbuntains'by mens of the Barometer; 
being an Examination of Mr. De Lues Rites, deli. 
vertu In bis Recherches far Ies Modifications de PAt- 
mot here. 2 1 w nen Burr. 1 R. . 


Deng 7) 32 NG 18 14 


Read May 8 and bu N: the: courſes of my tour into Italy in 

*, . te pears 1778 nd 1756, L made 
me 2 at 3 which being in the neighbour- 
hood of the Alps, and on that account à convenient 
home, induced me to make ſome obſervations upon 
thoſe mountains, which have been defervedly objects of 
attention to the moſt incurious traveller. I was. part! icu- 
larly deſiruus of verifying the experiments with the ba- 
rometer, in taking heights of different ſituations; a 
method that has been long known to the ingenious, 
though but rarely practiſed, and capable of but little 
preciſion till within theſe few years; and perhaps at pre- 
lent not fo generally known as the convenience and 
utility of the method ſeems. to require. I had provided 
myſelf with a conſiderable collection of inſtruments, or 
a kind of portable philoſophical cabinet, which I had had 

Vol. LXVII. A XX made 


514 Sir GEORGE SHU CEBURGH?'s Obſervations 
made expreſsly in London and Paris, in order to make 
ſuch experiments as might preſent themſelves to me en 
courrant; and which, either from want of acquaintance 
with the fubject, want of time, or want of money, be- 
come rarely the object of travellers; but remain wholly 
unknown till princely munificence and philoſophic zeal 
(of which: we have a recent inſtance) unite in producing 
them to the world. After the very celebrated and in ge· 
nious labours of Mr. DE Luc, farther inveſtigation of 
the fubject of barometrical meaſurement might ſeem 
unneceflary, if not invidious; but, furniſhed as I was 
with an apparatus every way ſufficient for the inquiry, 
finding myſelf in the country which had been the ſcene 
of his operations, and poflefling ſome ſhare of his own 
zeal, I could not but gratify the curioſity I had to verify 
and repeat his experiments: if therefore in the purſuit 
of this inquiry I ſhould be led to a concluſion ſomething 
different from the reſult of his own obſervations, I am 
convinced that this diſtin guiſhed obſerver, of: whale 
candour and talents I have an equal. opinion, will im- 
pute it wholly to a love for truth; as with me the 
Precept applies as ſtrongly to the philoſopher as to the 
hiſtorian, Ne quid fal/i audeat, ne quid veri nan audes 
chcere. | 


Bu 


6 
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But to proceed. The inſtruments I made uſe of in 
theſe operations were, two of RAMSDEN'S barometers ; 
three or four thermometers detached from the barome- 
ters, whoſe boiling and freezing points I had examined 
myſelf; an equatorial inſtrument, the circles of which 
were about feven inches diameter, made by RAMSDEN; 
a fifty- feet ſteel meaſuring chain; and three three- feet 
rods, two of deal and one of braſs, in order to examine 
and correct the chain, theſe latter made by BARADELLE 
at Paris. Beſides theſe I took with me a little bell-tent, 
which I found of great uſe, as it defended me from the 
wind and ſun; and I may remark, that the obſervations 
of the uppermoſt barometer were made in the tent. 

My firſt ſeries of obſervations I propoſed to be on 


Mont Saleve'”, one of the Alps, ſituated about two 


(a) It may not be improper toremark, that the ſpecific gravity of the quick- 
filver of theſe: barometers with 68 of heat was 13,61; the diameter of the 
bore of the tube 0,20 inch; and that of the refervoir 1,5 inch, 

(% Mont Saleve extends near nine miles in length; is not quite 3300 feet 
in height above the Lake. That ſide of it which is next Geneva is for tlie 
moſt part a barren rock, the north-eaſt end of it being almoſt a perpendicular 
precipice; the other fide of the mountain is leſs rude, of a more gentle accli- 
vity, covered with trees, ſhrubs, and herbage, as is alſo the top, where is ſome 
of the fineſt paſture in the world. It is inhabited only by a few ſhepherds, who 
paſs the ſummer months here with their cattle, in little miſerable huts or 
barns: the remaining part of the year, viz. for about four or five months, it 
1s covered with ſnow. This mountain contains chiefly a calcareous ftone; 
and there is reaſon to believe that there is an iron ore in it, at leaſt m fome - 
Parts of it, as a piece Mr. DE Luc, the brother, picked up near the ſouth-weſt 
end, I found, ſenſibly affected the magnet. 

MD > & & i leagues 
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lea gues ſouth of Geneva, and preciſely. on the ſame poin: 
where Mr. DE LUC had made his higheſt or fifteenth ſta · 
tion: this ſpot I learnt from his brother, whoſe civilities, 
both then and fince, I ſhalt — have occaſion to 
remember and mention. 
The place where I meaſured my baſe was in a field 
near the villages of Archamp and Neidens, not quite 
three miles in a horizontal line from the top of the rock 
whoſe height was to be. determined (ſee the chart that 
accompanies this account). At the end of the baſe « 
I intended to place one of my barometers; and the other 
at the top of the rock, called the Pitton, at c; and with 
the above inſtruments meaſure the triangle anc. The 
angles were taken both on the horary circle, which was 
brought parallel to the horizon, and alſo on the azimuth 
circle of the equatorial inſtrument; this made it, as it 
were, two different inſtruments independant of each 
other. The angles were moreover doubled, tripled, and 
quadrupled, on each arch; by this means the error of 
the center or axis of the inſtrument vaniſhed; the poſli- 
ble error in the diviſions, .in the reading off, and in the 
coincidence of the wires in the teleſcope (which magnt 
fied forty times) with the ſignals placed at each angle of 
the triangle, was leſſened in proportion to the number 
of times the obſervation was repeated; and finally the 
| mean 


in order to aſcertain the height of Mountains: 5 17 
mean of all was taken. The ſame was done with each 
angle at A, B, and c, horizontal as well as vertical, vis. 
the elevation of c above a and B was taken; and alſo the 
depreſſion of A and 3 below c. The advantage of this 
method was, that the error of the line of collimation, the 
effect of refraction, and of the curvature of the earth's: 
ſurface, all became equal and contrary; by theſe means 
the little errors were diminiſhed, and great errors abſo- 
lutely avoided'”.. I-ſhall, however, beg leave to ſet down 
the operation at length reſpecting this one triangle, in 
order to ſhew the preciſion that may be expected from 
ſuch a geometrical proceſs; to remove the ſcruples of 
thoſe gentlemen who ſuſpect that accuracy is only to be 
obtained by large quadrants; and laſtly, to do juſtice and 
ſatis faction to the celebrated artiſt who invented and 
made this valuable inſtrument. 


(e) T muſt acknowledge here, that the attraction of the mountain creeps into 
the account uncorrected for, but only half of this quantity influences the mean 
reſult, as at the top it was nothing, and at the bottom of the mountain it could 
not exceed 10“ in the direction ac, as I find from a rough computation, the half 
of which = 5” would give only four inches for the correction. 
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Determination of the Baſe. 


Ch. Ft. In. | Temper, 


| { 
RM — 55 10 © 7 
Ditto, ſecond time, — — — 55 9 92 76 
The mean, — — 55 9 10.87 73 


Ft. In. 
By frequent previous obſervations I determined (4) the length 


of the chain by compariſon with the braſs La rode 50 © 60 
reduced to 60? of heat, — 


Correction for 134% of heat from expanſion, — +0 © og 


Diameter of the pins or arrows, one of which was ufed at 
each chain, and in ſuch manner, that this correction be- þ 40 © 16 


"came always + — — — 
Correct length of the n as it was uſed in meaſi the | 
_ ngth m 1 has . 50 0 41 
Multiply by the number af os entire chains in che baſe, — 55 
2750 11 55 
Add the parts of a chain, — — + 9 10 87 
True length of the baſe, as it was meaſured, — 2760 10 42 


Correction for the defe of level, taken with an inſtru · 046 («) 
ment made on purpoſe, each time the chain was placed, EY 


The true horizontal diſtance between A and ꝝ becomes, 2760 9 66 


Deter- 


(d) Tt may be required, to what precifion I could determine the length of 
my chain? I think certainly to within 189 of an inch, or 2c of the whole 
length. The common cunTER's chain of the ſhops is always ſubje& to ſpring 
and ftretch conſiderably ; mine was made of hardened ſteel, on purpoſe to avoid 
this defect. It however ſtill preſerved ſome degree of elaſticity, for when 
pulled with a force of about ten pounds, it ſeemed = 0,12 inch longer than 
when laid gently on the floor without being ſtretched at all: the aſſumed length 
of the chain was ſuch as ſeemed to me probable from a moderate tenſion is 


commos 
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Determination af the angles by the equatorial. 


On the azimuth. On the equat. circle, the 
circle, horary being c-nverted 
into gradual divifions. 


Aby the 1ſt obſervation — 88 27 30 7s 58 28 36 

n 2d, — — 0 TE 

; 3d, — — 7x7... 

4th, — — — 39 15. . 9 

| 4 taken four times over on the arch, — 233 54 15 = 233 54 30 
The mean, — 58 28 49 — 58 28 374 


Laſtly, the mean of all from the two circles 
= 68* ad 432% = =£ at k. 


4s by the 1ft obſervations. — 114 54 45 = 111 53 ©- 
2d, 885 WE ont | A BBozxnn ./ 4 
3d, — — F 


2 taken three times over on the arch, — 285 36 45 = 335 30 15 
Mean, . — _ III $2 15 — 111 52 5 


Mean of all from the two circles = 1115 52/ 1 
S Tat B. 


common uſing it. It may perhaps not be out of place to remark here, that the 

rods with which the chain was examined, agreed exactly with the ſcales of the. 

barometers; at leaſt the difference in nine inches, taken in different parts of the 
ſcale, did not appear to exceed res of an inch. 

(e The precaution in taking the inclination of the chain every time, if the 
baſe be nearly a plain, as is the caſe in many meadows, ſeems to be unneceſſary g. 
for this ſame correction, deduced from the inclination of the baſe obſerved at 
A and g, comes out —0,99. inch, only 0,2 23 inch different, a quantity, wholly. 


inconfiderable. 


TE W -r Na it ode. A b ane. | 
320 Sr crore Huck OGH b 


& © by the xft obſervation, — 939 0 = 938 30 
3d, — — * 38 45 WR - 39 45 

taken four times over on the arch, oo 38 35 45 — 38 34 7 
5888 . 9 56} 9 38 411 


Mean of the two circles, =-9* 38/-487' = Cat c. 


By actunl obſervation, | Angles finally cored, 


Tat A, 58 28 43¹ * angles corrected Js 53 28 49! 


2 2 adding 6” ta each (t 
£ at B, 5 2 171 2 1 of their errors, or PII 52 52 
— — 218 become, 


£ at c, 9 38 481 ] gefeg from 180% being || 
Sum of the three angles = 179 59 42 Sum, 180 o o 
Taken fromm 180 oO o | a 1 


Ld 9 


Leaves the difference 


ſum of the errors, __ 18 


It is highly curious and ſatisfactory to ſee the amazing 
correſpondency of thefe obſervations, .made with an in- 
ſtrument of only 35 inches radius, whereon an angle of 
one minute is about equal s inch; and I think we 
may fairly conclude, that the corrected mean reſult of 
theſe obſervations is true to within 6” or 8'//; which, as 


l may have a future occaſion to ſpeak of the accuracy of this een 
for aſtronomical purpoſes; but I cannot omit this opportunity of mentioning 
one, viz. in taking the latitude of the city of Amiens in Picardy, where I had 
thirteen obſervations by the ſtars and Sun, the mean of which differed 25” from 
the extremes, and only 3” from the reſult of Mr. cassm1's obſervations, 
made, I believe, with a nine-fcet zenith ſector, as related in La Meridienne dt 
Paris verifite, - 5 


ma) 
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may be proved hereafter, would occaſion an error of | 
only three feet in the diſtance of the mountains, and 
ſeven inches in the height. I proceed next to the ver- 
tical angles. 


Determination of the inclination of the ſides ac BC „and 
AB, with the horizon; the height of the eye at the in- 
firument being four feet above the ground. 


Altitude from below at 4. Depreſſion from above at C. 
1 0 
laclination of ac, — 10 33 2 10 29 18 
Correction for the part of Correct for the ſignal, — 4 16 
the fignal which was? — 1 38 for the line of col- g 
obſerved, | limation, + 59 
Correction for the line of | 0 — for retraction, ＋ 27 
collimation, —0 WD} 
Correct for the refraction, — © 27 True depreſſion of a —_ 10 31 0 
Arch intercepted between, a 
True Altitude of c from A, 10 29 58 or curyature, — 23 


True altitude of e from a} 
deduced from the aber | 10 28 30 
vation & c, 


Mean corrected altitude of c from a = 10% 29 14% J. 


) If the computation were to be made from either of the obſervations taken 
tparately, the difference would amount to only three feet in the height of c; 
and this may either be in the correction of the line of collimation, the effect 
ef refraction, or in miſtaking the part of the ſignal that was obſerved: for, 
whilſt I was gone to the top of the mountain, ſome peaſants poſſeſſed themſelves 
ef the handkerchiefs I had fixed to the ſignals below in order to have a 
tonſpicuous and determined point, 
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Alticude from below at n. | ; Deptefiion from Wore at c 

wks 4 2 1 o # Ut 1 | ; " ” OY 
Inclination of 8c, — 11 20 26 11 19 4 
Correct for the part of the} __ _ g Correct for the fignal, — — 5g 
ſignal obſerved, — 39 | Errbr of collimation, — + 50 
Error of collimation, — o 59 Effect of refraction, — + 26 
Correct for refraction, — © 26 | — 
True depreſſion of = from c, 11 20 18 

True altitude of e from 3, 11 17 23 | Arch intercepted, or 4 — 


— ————— vature, — 


Trus altitude of c from 5, 3. - 
deduced from the ob- 11 18 0 
ſervation at c, — P 


Mean of the two, or corrected altitude of c from 3 


= 11170412. ; 
Altitude at a. | : Deprefiion at 3 
Z of inchngtion of — - * x Def 0 27 4 | 
the baſe, — 7 Error of collimation, 4 0 59 
Error of the line of col- - _ 6 e | 
limation, — 59 Correct depreſſion of 9 g 
Correct altitude of B froma, o 26 1 | Arch intercepted, — — o 27 


duced from the obſer- 


Altitude of B from A de- 
j o 27 36 
vation at B, — 


21 


— — 


Mean of the two, or corrected altitude of B from 4 
= O 26/ 49%). 


(hb) Tt ſhould ſeem from theſe two obſervations, that the error of the line of 
collimation had been aſſumed too great; it has however, as I have before 
obſerved; nothing to do with the mean reſult: and this is, perhaps, one of tht 
beſt means of diſcovering the error of collimation, and the very method Mr. 
DE LUC uſed, to adjuſt his-level, though, as I have been informed by his brother, 
without taking into the account the effect of curvature, which, if his hort. 
zontal marks were 2000 feet diſtant from each other, would amount to 20%, and 


the error to half that quantity. 5 | WET 
8 | I have 


r mg DS. BM 
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I have thus, in a manner rather prolix, given a detail 


of the methods uſed to aſcertain; the quantity oft the dif- 
ferent angles. It may be of uſe on a like occaſion, and 


will at leaſt ferve to determine within what limits the er- 

ror of the final reſult may be expected to lye, as on the 
E of the 33 operations all the compa 
This proces 
once eee will en me _ the hs from the 
trouble a ſecond time, when he is informed, that the 
ſame fidelity and pains were ernployed (where the cir- 
cumſtances would admit) in all the trigonometrical ob- 
ſervations, of which the annexed chart is a ſummary. I 
proceed now to the determination of the ſides, the com- 
putations of . are too well known to enter into this 


paper. 


| Feet. | 
Side AB 2760.8 
5 Ac 15280.4 
BC 14041.7 : 
Feet. 

Theſe with the angles give for the height of c above a, — 2835.07 
The height of c above B, — — — 2806.27 
The height of B above a, — — — 22.18 


— — 


Theſe two added give the n of c above A, deduced from — 2828.45 


obſervation at B, — — 


But the height by actual obſervation at A was, — — 2835.07 


hen the mean of the two, — — — 2831.76 


which is probably within three or four feet of the truth, 


or about one foot in a thouſand. 


Y y 7 2 Having 
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_ Having thus the perpendicular height, as I think, 
very accurately aſcertained, it remained for me to take 
the altitude of the barometer at each ſtation a and C, and 
if poſſible with equal preciſion. Theſe obſervations it 
would be too tedious to ſet down at tength. I ſhall, how- 
ever, premiſ e the followin g particulars. Every obſerva- 
tion of the barometer was triple; that is, the height was 
read off three different times, and the mean taken ; but 
from ONCE reading only I could be ſure of the height to 
ED of an inch, excluſive of the error of the diviſions, 
which in ſome places might amount to- that quantity; 
this the nonius would itſelf diſcover and even correct by 
eftimation. At every ſeries of obſervations the float at the 
bottom was readjuſted, fo that I could conſtantly be ſure 
of an alteration of the weight of the atmoſphere ex- 
prefled by 0.002 inch of quickfilver, if not of half that 
quantity.. Finally, the difference of the two barome- 
ters was conſtantly taken, after being left three-quar- 

ters: 


(i) It may be concluded, that this difference ſhould be conſtant, and always the 
ſame ; but, from what cauſe I know not, it did not appear ſo to me. In my journal 
for the weather for 1775, I find the following note: from a mean of ſeventeen 
obſervations between Auguſt 12th- and Sept. 1. viz. before, at, and after, m) 
expedition to Mont Saleve and the Mole, I find the difference between my tuo 
barometers =,0042 inch, N* 1. ſtanding the. higheſt; in theſe compariſons, 
however, the extremes ſometimes differed from the mean =,006. And in mY 


* over Mont Cenis, Dec. 1. barometer N* 1. ſtood. lower than N- 0 
J 
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ters of an hour or more in the ſame place, to acquire the 
true temperature of the air, and this before and after 
every expedition. The fractional parts of a degree on 
both the attached. and detached thermometers were 
noted only by eſtimation, but. written down to .10ths, 
being more convenient in the computation; for I may 
remark, that one-third. of. a degree. on the attached ther- 
mometer is equal to about -; inch on the barometer; 
this attention, therefore, to the ſub-diviſions of the de- 
grees became neceſſary. I: conclude, laſtly, with pre- 
ſuming, that the weight of any column of air may be 
meaſured with theſe barometers to, oo 8 inch, though all 
the errors ſhould lye the ſame way. 

Leaving Geneva about half paſt fix in the morning, 
Auguſt z oth, I arrived at the place A of my baſe a little 
before eight; near to which there happened to be. a 
ſhepherd's houſe, in which I left one of my barometers 
(Ne 1.) with a ſervant, to examine and obſerve it Every . 
five or ten minutes for near nine hours ſucceſſively, 


by —,013 inch: it is difficult to account for this. May 1oth,'1776, at Rome, 
Ne 1. ſtood loweſt by —,c01. June 12th, at Naples, N* 1. ſtood loweſt by 
—,008.. Sept. 10th, in London, N 1. ſtood higheſt by +,006. Theſe 
apparent variations may. poſhbly ariſe from ſome alteration in the frame - work 
of the barameters through moiſture, &c. 

(+) I muſt not. be underſtood to mean, that the length of any column of air 
may be meaſured to an equal accuracy, even though our theory ſhould be per- 
leck: this will be the ſubject of inquiry in its proper place, 


until 


1 
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until 1 returned; the windows and doors of the room, 
in which the inſtrament was Placed, being left open, by 
which means there was a free communication with the 
outward air, and the barometer not expoſed to the Sun. 
The detached thermometer was hung on the window 
towards the north-eaſt, where there was neither direct 
nor reflected heat from the Sun“ "THe two barometer: 


(1) I have thought proper to mention this, as it is almoſt the only circum- 
ſtance wherein my method of obſerving differed from Mr. pz Luc's, whok 
thermometers (if I miſtake not) were hung always in the Sun, and probably 
for this reaſon, becauſe the column of the atmoſphere between the two baro- 
meters, whoſe mean heat is to be determined, is (if the Snn- ſhine) all expoſed 
to the Sun. I have, however, always preferred hanging them in the ſhade, 
and I give the following reaſons: all ſpurious and local heat from reflection is 
more eaſily avoided; no concentrated and falſe heat is acquired by the mounting, 
and thence communicated to the tube, even though the ball ſhould be inſulated; 
and, finally, becauſe I ſuſpeQ the real temperature of the atmoſphere ia the 
Sun and in the ſhade to be the ſame, or at leaft inſenſibly different. This may 
be thought to be advancing too much; but, to be ſatisfied of the poſition, I made 
no leſs than four-ſcore obſervations with four different thermometers of very 
different mounting, hung alternately expoſed to the Sun's rays, and ſcreened 
from them by the ſhade of a tree, in an open plain at ſome diſtance from the 
town of Geneva, The reſult was, that my beſt thermometer, with the ball 
inſulated, differed only 2? in the different ſituations; the others, more or lels, 
as they were more or leſs connected with the frames in which they hung. One 
of them, incloſed in a glaſs tube, roſe 12 higher than the true temperature, 
which was 77*. It ſhould ſeem then, that the variety in the mounting occa- 
ſioned this difference; and this effect of the materials, of which the inſtru- 
ment is made, cannot be wholly avoided, as the glaſs itſelf, which conſtitutes 
the ball of the thermometer, will acquire and contain more or leſs, in proportion 
to its thickneſs and opacity. If a thermometer were perfect, it would reflect 
all the rays that it receives. More might be added to corroborate this idea, 
but it would ſwell this note to an unwarrantable length. 


welk 
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were here compared; and at a quarter after nine, begin- 
ning my walk, I arrived, not without ſome fatigue, at 
the top of the mountain about noon. The view from 
thence was incredibly beautiful. Every object, that from 
Geneva was ſtriking, from thence appeared with an ad- 
ditional. effect. The mountains ſeemed higher and 
nearer; the plain appeared a more perfect level, the ſmall 
mequalities from this height becoming inſenſible; and 
2 larger portion of the lake preſented itſelf: behind me 
an innumerable collection of naked points and precipices, . 
al new objects, that from below are hid by the mountain, 
afforded: freſh and moſt aſtoniſhing ideas of this very 
fingular part of the creation. The clouds however (for 
it was a little hazy) unfortunately prevented my ſeeing 
Mont Blanc and the Glacieres, which were ſtill farther 
behind. Some of the clouds were below me, and very 
near; exhibiting to me, at that time, a very ſingular phe- 
nomenon of the thunder grumbling under my feet. I 
was occupied here between four and five hours with dif- 
ferent obſervations. The barometrical ones I am now 
going to relate; and I ſhall at the ſame time give the 
computations of them according. to Mr. DE LUC's me- 
thad, or rather accordin g to Dr. HORSLEY's reduction of 
it to the ſcales and meaſures of this country vide 


Philoſ, Tranſ. vol. LXIV.) with this difference, that I 
have 
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have reckoned the equation for the expanſion of quick- 
ſilver =,00323 inch for every degree of FAHRENHEIT's 
thermometer in a column of 30 inches, inſtead of, oo 312 
"which Mr. DE Luc uſed; the former I had collected from 
ſome of my own experiments made at Oxford in the 
beginning of the year 1773: this difference will not, 
however, occaſion an alteration in the reſult of any one 
of my obſervations of more than five inches, and may 
therefore be conſidered as of no account. Of the real 
value of this correction I ſhall ſpeak more hereafter. 

The barometer was ſet up on the mountain at one 
o'clock, and left an hour and a quarter to acquire the 
temperature of the tent in which it was placed, before 
the firſt regular ſeries of obſervation was taken. The 
ſucceeding obſervations were made at intervals of near 
an hour each. I have ventured to ſet down the height 
of the barometer to.,o001 inch; but this is only the 
mean from three or four readings off. It ſeems that the 
heat of the tent was conſiderably greater than that of the 
external air; this, however, can only influence the ex- 
panſion of the quickſilver, ſhewn by the attached ther- 
mometer, and not the preſſure of the atmoſphere. 
Laſtly, the true difference in the height of the reſervoirs 
of the two barometers, by compariſon with A and c, was 
found equal 2831.3 feet geometrically. 


Com- 
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Compariſon of the firſt ſeries. 


Obſervations at the top of the mountain at c. 


Barom. Ne 2, Therm, Therm. 
above at c, attached, detached. 
In, Pts. 8 * 
25.7120 78.0 65.0 © 
CorreR forthe — 3 
2 attached therm. 59. 9, 
Barometer at the top, 25.69 58 Log. 4098621 | 
below, 28.3953 Log. 4532434 
OT . ˙ N08 the height in Eng- 
n } 2.6993 Diff. of Log. 433-813 {tek wht io Eng 
Correct for 29% 7 of heat. — + 28.728 
Corre& height in fathom, — — 462.541 


Height in Engliſh feet by the barometer, 


2 2775-246 


Height by the trig. method, — — 2831.3 


Difference, or error of the barometer 12885, 


— 56.1 


Obſervations below at a. 
Barom. Ne x, Therm. Therm. 


below at A. 
In. Pts. 


W-- > 
28.3990 72.1 
Correct for the — aut 
of the bacometer, "— 


28.3951 


attached. detached. 


73-9. | 
65.0 hcat at c. 
69.4 mean heat of the air. 


I ſtand. temp. according 
39-7 { to Dr. HORSLEY. 


+ 29.7 difference. 


A detached thermometer in the tent ſtood at 7 2% 


vol. LXVIL Z 


2 2 Con- 


— — „9 
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Compariſon of the ſecond Series. 


Obſervation at the top of the mount at c. 
Barom. Ne 2, Therm. Therm. 


above at c. attached. detached. 

In. Pts. 8 5 
27.7025 7134. 4.0 

Correct for the Diff. of = 

the two attached therm, 5 
Barometer at the top 25,6975 Log. 4098908 
below, 3 3901 Log. 4531669 
Difference, or fall of the 8 


: approx. height in 
quickſilver, — 2.6926 Dill. of Log. 432.751 | Engliſh fathons, 
Correct for 285.8 of heat. = J 27.787 


Corrected height in fathoms, — — 460. 5 38 | 
x 6 


Height in feet by the barometer — 276 3.228 
by the trig. method, — xf x 4 3. 


Difference, or error of the. barometer 1883, "—_ - 


Obſervation below at A. 


Barom. Ne x, Therm. Therm. 
below at A. attached. detached.. 


= Pts, - 
28.3940 71.6 2 
Correct for the diff. , . heat at c. 
of barometer, — 4 a 
68.5 mean heat. | 
28. 3901 39.7 ſtandard temperature. 


+ 28.8 difference. 


A detached thermometer in the tent ſtood at 69. 


During theſe obſervations the wind was S. W.; the 
weather hazy, accompanied with a little thunder. 
Com- 
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| Compariſon of the third ſeries. 


Obſervations at the top near c. 


Barom. Ne 2. Therm. Therm. 
above at c. attached, detached, 
In. Pts. a 1 
225.6900 69.7 62.0 
Correct for the diff. of oY; 8 
2 attached therm. 19.4, + 3 

Barometer at the top, 25.69 38 Log. 4098283 
— below, — 28.3896 Log. 4531593 
Difference, or fall of the 


} 2.6958 Diff. of Log. 433.310 Wr, iht in 


quickſilver, — 


Correct for 27.5 of heat, — — + 26.582 


Correct height in fathoms, — — 459.892 
| X 
Height in feet by the barometer, — 2759-352 


——— by the trig. method, — — 2831.3 


Difference, or error of the barometer 888, — 71.9 


Obſervations below near to A. 


Barom. No 1, Therm. Therm. 
below at A. attached, detached. 


In. Pts. f 1 
28.3935 71.1, 72.5 
Correct for the diff. 0 62. o heat at c. 
ot barometer, 2” of 
— 67.2 mean heat. | 
28.3890 39.7 ſtandard temperature. 


+ 27. 5 difference. 


A detached thermometer in the tent ſtood at 6 . 


2222 Theſe 
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Theſe obſervations then ſeem to prove that the baro- 
metrical rules were a little defective as to the true ratio be- 


tween the gravities of air and quickßlxer, vis. in the 
value of an inch of quickſilver in the torricellian tube, 


expreſſed in inches of the atmoſphere with a given tem- 
perature. The firſt compariſon gives for this Error in 
defect — 19.8. feet in every 1000 feet; the ſecond, 24.0 
feet; and the laſt, 25.4 feet: the mean of the three is 

23. I feet; and by ſo much we may conclude that theſe 
rules, in greater heights alſo, will give the difference of 
elevation too little, vis. by 2; 75 nearly Y. But it will be 
fair to make the experiment. 


(m) Left any ſuſpicion ſhould ariſe of a diſagreement between the aQtual 
meaſures taken by Mr, DE Luc and myſelf, I may obſerve, that the mean reſult 
of three obſervations, which I made independently of each other on the height of 
the Pitton or point c above the lake of Geneva, agree with the mean reſult of 
Mr. ps Luc's operation from the levelling and the quadrant, to leſs than twelve 
inches; a greater correſpondeney than which cannot be expected: and this was 
the true reaſon why I choſe the ſame ſpot he had pitched upon. Le rae 
'« ;fole, qui domine toute la montagne.” As a further confirmation, I compared his 
ſtandard ſteel rod of twelve Paris inches, which his brother obligingly furniſhed 
me with, with my braſs one, and found twelve inches on Mr. pt Luc's rule 
was on my rule, with 71* of heat, — — 12. 784 Eng. inches. 


Correction for the difference of expanſion W 
braſs and ſteel with 16“ of heat, — 72 


— 


Length of Mr. DE Luc's French foot with 55% — 12.7847 
True length of the French foot (vide Phil. Tranſ.) 12.7890 


Error or differenee from the true Paris foot -— — ,0043 = dn nearly 


—— ene 
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The Mole is a convenient, infulated mountain, 
ſituated about eighteen miles eaſt of Geneva, and riſing 
near five thouſand feet above the lake, much higher 
than any body, that I know of, has ever made theſe ex- 
periments at, with the required preciſion. On this ſum- 
mit I determined to confirm or correct my diſcovery, and 
communicated my intentions:to Mr, DE-SAUSSURE, a very 
ingenious . gentleman of this place, and well ſkilled in 
various parts of. natural and experimental philoſophy, 
who gave me all the information neceffary, and obligingly 
promiſed to accompany me, as did alſo Mr. TREMBLEy, 
aſſiſtant to Mr. MALLET, well known in the aſtronomical 
world. This expedition was undertaken in the latter end 
of Auguſt and beginning of September. I ſhall here 
beg leave to ſet the reader down at the bottom of the 
mountain, and flatter. myſelf he will accompany me ta 
the top. It was about five in the afternoon when we left 
dt. Joire, a wretched little village at the foot of the moun- - 
tain to the eaſt, and where we. had dined in a moſt mi- 
ſerable auberge, preparing to aſcend the ſummit on foot, 
being ſeven or. eight in company, including guides and 
ſervants, who carried my inſtruments, proviſions, &c.; 
the former conſiſting of the equatorial, the barometer, 
different thermometers, electrical balls, an hygrometer, 


| and a dipping-needle; together with another barometer 
of 
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of Mr. DE Luc's conſtruction, a variation-needle, a level 
belonging to Mr. DE SAUSSURE, and a tent. Thus accou- 
tered we proceeded up an aſcent, not however very ſteep, 
for three hours and a half without intermiſſion, the path 
leading in a ſpiral kind of direction, very rugged and full 
of looſe pieces of rock that are brought down with the 
melting ſnows, paſſing through romantic woods of fine 
firs and other trees, interſperſed here and there with a 
thin ſoil of excellent paſture. Before we arrived at the 
hut, where we were to ſleep (for our intention was to lay 
upon the mountain that night, in order to have the more 
time the next morning for our operations) having 
walked on a little too far before, we loſt ſight of our 
guides. We called ſeveral times, but were never an- 
ſwered: — the night was now coming on; a kind of fog 
appeared, with ſmall rain; our ſituation became ſome- 
what embarraſſing. We called again, but were anſwered 
by nothing but an echo, the place being a moſt profound 
folitude. We began now to conſider ourſelves as loſt, 
Mr. DE SAUSSUREzi thought he had been ſeven or eight 
times before upon the mountain, found himſelf in doubt 
concerning the way; but after a ſhort dilemma thought 
it beſt to proceed. We did; and now began to perceive 
at a diſtance ſome little huts or hovels indiſtinctly: a few 
more ſteps affured us we were right, and about nine 
o'clock 
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o'clock. we had the good luck to find ourſelves at the very 
hovel, where we were to reſt that night. I own I now 
found myſelf quite contented, though I did not at all 
know What kind of place I was going to enter. It proved 
to be a little hut made of boards, conſiſting of one apart- 
ment only, eighteen or twenty feet ſquare, and about 
twelve high in the center, without any windows or 
chimney for the ſmoke, except what was made by the. 
holes in the roof, and the interſtices between the boards 
at the ſides, which were rudely put together, ſcarce: 
coſer than park-palings, affording an equal entrance to 
the wind, rain, and ſnow; for as theſe hovels are inha-- 
bited only for about four months in the ſummer, they 
are conſtructed without the leaſt mortar or cement in: 
the world; an humiliating witneſs this, how fimple the 
architecture which nature and neceſſity ſuggeſt. On en- 
tering we found a comfortable fire, and the little cabane 
inhabited by a couple of Alpine ſhepherdefles and their: 
two cows, on whoſe whey and ſome very coarſe bread 

they wholly ſubſiſted, not diſcontented but even proud of 
their lot; and who, out of a ſingular ſpecies of contempt, 
call the inhabitants of the plain mange rotis, that is,caters of 
10: ſt· meat. Their lan guage too was different; not French 
nor Italian, but partaking ſomething of both; or, as Ihave 
been ſince informed, a corruption of the ancient Celtic. 

5 A. few. 
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A few minutes after our arrival our guides rejoined us: 
it was now night, and in this rather too artleſs habitation 
we were obliged to lay in a little loft over the cows, our 
beds ſome leaves and clean hay, and my bolſter my port- 
manteau'”. I had had the caution to bring ſome ſheets 
with me, and, being a little tired with my walking, ſlept 
five hours pretty ſoundly, though much ſtarved, having 
no other curtains than what this woodencanopy afforded, 
through which the ſtars ſhone moſt brilliantly. Between 
four and five we aroſe; found the heavens beautifully 
ſerene, and, having eaten ſome of our proviſions, left 
this habitation, which might be ſituated about two-thirds 
of the way up the mountain; and beginning our march 
about half after five reached the ſummit a quarter before 
ſeven; but not without a good deal of climbing, and 
ſometimes up an aſcent of near 40* for ſeveral hundred 
feet. One of my ſervants, before he got half way, found 
his head turn round, and himſelf fo giddy, at the height 
and 'precipices (a frequent effect in theſe ſort of places) 
that he was obliged to return to the hut. In the 
aſcent I ſaw the Sun rifing behind one of the neigh- 


1) — Frigida parvas 
Præberet ſpelunca domos, ignemque, laremque, 
Et per us, et dominos communi clauderet umbra ; 
Sylveſtrem montana torum cum ſterneret uxor 
Frondibus et culmo. JUY, Sat, vi. 


bouring 
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bouring alps with a moſt beautiful effe&, and the ſhadow 
of the mountain we were then upon extended fifteen or 
twenty miles weſt. We had now reached the ſummit; and 
there my curioſity finiſhed in aſtoniſhment. I perceived 
myſelf elevated 6000 feet inthe atmoſphere, and ſtanding 
as it were on a knife-edge, for ſuch is the figure of the 
ridge or top of this mountain; length without breadth, or 
the leaſt appearance of a plain, as I had expected to find, 
Before me an immediate precipice, @ pic, of above 1000 
feet, and behind me the very ſteep aſcent I had juſt now 
mounted. I was imprudently the firſt of the company : 
the ſurprize was perfect horror, and two ſteps turther 
had tent me headlong from the rock. 

On this ſpot, with ſome difficulty, we fixed the inſtru- 
ments, and commenced our operations, after ſome time 
ſpent in admiration at the proſpect, and familiarizing my- 
{elf to the ſcene. Before me, at ſome diſtance, was {pread 
the plain in which lay Geneva and the lake; belund it 
role the Dole, and the long chain of Mont Jura as tar as 
the fort La Cluſe, which we entirely commanded, as well 
as ſome of the country beyond it. A little to the left, and 
much nearer, lay Mont Saleve, which from this height 
appeared an inconſiderable hill: to the right and left no- 
thing but immenſe mountains, and pointed rocks 01 £ very 
poſſible ſhape, and forming tremendous precipices. In the 

VoL. LXVII. 4 Vale 
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vale beneath, ſeveral little hamlets, and the moſt beautiful 
paſturages, with the river Arve winding and ſoftening 


the ſcene; from whence aroſe a thick evaporation, col- 
lecting itſelf into clouds, which on the lake, that was 
quite covered with them, had the appearance of a ſea of 
cotton, the Sun-beams playing in the upper ſurface of 
them with thoſe tints that are ſeen in a fine evening, 
To the ſouth-weſt appeared the lake of Annecy; be- 
hind us, taking up one-fifth of our horizon, lay the 
Glacieres, and amongſt them, towering above all the reſt, 
ſtood Mont Blanc. The circumference of the horizon 
might be about 200 Engliſh miles; and, though not one 
of the moſt extenſive, yet certainly one of the moſt varied 
in the world. From this ſpot the clouds had a ſtriking 
appearance to an inhabitant of the plain; very few of 
them at above one-fifth of the height that we were now 
at; not governed by the wind, but moving in every poſ- 
ſible direction; ſome of them ſeemed creepin g along the 
ground, whilſt others were riſing perpendicularly be- 
tween the hills. And 1 may here remark, that from 
Geneva I have obſerved the clouds were generally three 
days in the week below the ſummit of Mont Saleve; 10 
that the ordinary region of theſe vapours ſeems to be at 
that height in the atmoiphere, where the barometer 
_ would ſtand at about 26 inches in this climate. 

7 While 
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While at the top of the Mole, I was very ſenſible of 
the cold, there being a briſk wind, which, though ſouth, . 
came over the mountains of ice, and was very keen; 
inſomuch that, about two hours after I had been there, 
I nearly loſt the uſe of my fingers, and found my lips 
much affected and parched from the tranſition, having 
been a good deal heated in aſcending with two waiſtcoats 
and a great coat on. The thermometer, however, when 
| firſt mounted, ſtood no lower than 4.8%. I muſt here 
alk pardon for this long digreſſion, which I have ven- 
tured to tranſcribe from my Journal written upon the 
ſpot. 
To return then to the obſervations. After what has 
been ſaid reſpecting thoſe on Mont Saleve, it will ſuffice 
here to mention, that by repeated meaſurements I de- 
termined the horizontal length of the baſe 1, 2 (ſee the 
chart) to be=12 50 ft. 3.9-inch; the £4 at 1=95* 37/28”; 
Cat 223 77 48 53/; and the Cat 3=6* 33' 49”. The 
mean corrected angle of elevation of 3 from 1 
=21* 29/ 34”; ditto of 3 from 2=21* 3/ 417%; and laſtly, 
the elevation of 2 from 1=0? 47 24”. 


4 A 2 Theſe 
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Feet, 
Theſe obſervations give for the length of the ſide 1, 3, —  T106g1g 
— _ — — 2, 37 — 10886. 
Height of 3 above 1, — — — 4212, 
3 above 2, — — — — 4194.) 
—— 2 above 1, — — — — 17 


And conſequently, 3 above 1 deduced from the obſervation at 2, — 42129 


And laftly, the mean height of 3 above 1 from the determination *} | 
each end of the baſe, — * 3 4212 


The difference in height, however, between the two 
barometers was only 4211,3 feet. 


Here follow the barometrical obſervations”, and their 
reduction. 


(0) Made between the hours of eight and twelve, in the open air and not in 
the tent, which could not be pitched on accout of the ſmallneſs of the plain at 


the ſumnut; a briſk ſouth wind, but fair. The barometer was ſcreened by u 
umbrella, 


Co- 


r my UGx> 
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Compariſon of the fir ſeries on the Mole. 


Obſervation at the top at 3. i 
Barom. N* 2, Therm. Therm. | 
above at c. attached. detached. 
In. Pts. . 4 
24.1437 57.0 54.8 


Correct for the Diff. of the | + 88 
two attached therm. 35.4, 


Barometer at the top, 24.1525 Log. 3829621 
—— below, — 28. 1253 Los 4490971 


Difference, or fall of the hy * height in 
quickſilver, } 3-9728 Diff. of Log. 661.350 tathoms, 


Correct for 187.6 af heat, — — + 27.431 


Correfted height in fathom, — — 688.781 
x 6 
Height in feet by che barometer — 41 32.686 


— by the geometrical meaſurement, 4211.3 


Difference, or error of the barometer, — 78.6 = 15555 


— — 


— 


Obſervation below K. 


Barom. Ne 1. Therm. Therm. 


below at 1. attached, detached, 
In. Pts, 7 5 
28.1295 60.4 61.9 
Correct for ee 54.8 heat at 3. 
et barometer, ed. — 


r 58 3 mean heat. 
28.1253 39.7 ſtandard temperature. 


—— aH—w—— — ' —  —— 


+ 18.6 difference, 


_—_— ES 


Com 
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Compariſon 9 f the ſecond Series, 


Obſervation at the top at 3. 
Barom. N' 2, Therm. Therm. 


above at 3. attached. detached. 
In. Pts. 4 7 
24.1420 56.9 56.0 
Correct for the diff. of * 40 | 
two attached therm. 30.5, 9 | 
24.151 1 Log. 3629 369 
28. 1258 Log. 44 4491049 
Difference, or fall of the approx. height i | 
aickflver, | 3-9747 Diff. of Log 601.680 fathoms. , 
Correct for 19%,2 of heat,. — — + 28.330 | 
Correct height in fathoms, — — 690. o 10 | 
| x 6 
Height in feet by the barometer, — 4140.06 
— by the geom. method, — 4211.3 
Difference, or error of the barometer, —71 2 = = 1888. 
Obſervation below at 1. 
Barom. Ne 1. Therm. Therm. 
below at 1. attached. detached. 
In. Pts. i p | 
28,1300 60.4 61.8 | 
Correct for the diff. 56.0 heat at 3. 
of barometer, 2 
— 58.9 mean heat. 
28.1258 39.7 ſtandard temperature. 


— 19.2 difference. 


* —  _— 
1 
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' Compariſon of the third Series. 


Obſervation at the top at 3. 


Barom. Ne 2, Therm. Therm. 
aboye at 3. attached. detached. 
In. Pts. 5 4 
24.1670 56.0 56.0 


Correct for the diff. of the 


O 57.5 (2) 
two attached therm. 49. | © 7 


» 


24-1797 Log. 3834509 
28.1278 Log. 4491358 


— 


Difference, or fall of the 3 „ | | Approx. height 
quickfilver, 3-9481 Diff. of Log. 656.849 in fathoms, 
Correct for 1978 of heat, — — ＋ 29.0 


Correct height in fathoms, N 5.849 
* 6 
Height in feet by the barometer, — 41 I 5.094 | 


nt by the geom. method, — 4211-5 


— 
— — 


Difference, or error of the barometer, — 96.2 = 33355. 


Obſervation below at 1. 


Barom, Nꝰ 2, Therm, Therm. 
below at 2, attached, detached, 
In. Pts. 


| 28.1320 60.9 63.0 
correct for the — | 506.0 heat at 3. 
5 8 2 42 
2 the barometer, — 
- ; 59.5 mean heat. 
28.1278 39.7 ſtandard temperature. 


* 


— —— [P — 


19.8 difference. 


| In this column for the detached thermometer at the top of the mountain, 
| this and the following obſervations, are inſerted two numbers; the upper ons 
| ©*preſiing the heat in the ſhade; and the lower one, wich this marie fed, 
the heat in the Sun. The computation, however, is made from 

| #12 may ſerve to ſhew the difference. 
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Compariſon of the fourth ſeries. 


Obſervation at the top at 3. 


Barom. Ne 2. Therm. Therm, 
above at 3, attached. detached. 
In. Pts. L 8 
24.1780 57.2 56.0 
Correct for the dift. of the R O 57.5 
two attached therm. 4 6, Len 


Difference, or fall of 1 ie Hi 6 {ns height in 


uickfilver, fathoms. 
Correct for 20. 3 of heat, — — ＋ 29 678 
Correct height in fathoms, — — 68 5-313 
x 6 
Height in feet by the barometer, _ 41 11.878 


— by the geom. method, — 4211.3 


Difference, or error of the barometer, — 99.4 = 15558 


Obſervation below at 1. 


Barom. N* x, Therm. Therm. 
below at 1, attached, detached, 
In. Pts. K 1 
28.1300 61.8 63.9 
Correct for the MM] 56.0 hcat at 3. 
of the barometer, * 
— 60.0 mean heat. 
28.1318 39-7 ſtandard temperature, 


— 


1 


+ 20.3 difference. 


— 


(Coir 
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Compari/on of the fifth ſeries. 


Obſervations at the top at 3. 
Barom. Ne 2, Therm. Therm. 


above at 3. attached. cet ched. 
In. Pts. 1 = 
24.1840 59.6 57.0 
R__— | + O 59-3 
2 attached therm. 25.8, 73 


24.1913 Log. 3836592 
28. 1308 Log. 4491820 


quickfilver, fathoms, 
Correct for 209.8 of heat — — + 30.391 
correct height in fathom, — — 656.619 
x 6 
Height in feet by the barometer, — 41 13.7 14 
— by the geom. method, — 4211.3 
Difference, or error of the barometer, — 97.6 rde. 


Obſervations below at 1. 


Barom. No x, Therm. Therm. 
below at 1. attached. detached. 


+ 20.8 difference, 


VoL, LXVII. 4 B 


en 
+ 
"F* 


Difference, or fall of — 3.9395 Diff. of Log. 655.228 | hy er height in 


In. Pts. & - 
28.1350 02.4 64.0 
Correct for the diff, 57.0 heat at 3. 
of the barometer, nh, — 
— 60. 3 mean heat. 
28.1308 39-7 ſtandard temperature, 
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Compariſon of the fixth ſeries. 


Obſervation at the top at 3. 


Barom. N? 2, Therm. Therm, 
above at 3. attached, detached, 
In, Pts. n f 
24. 1900 61. 0 57.0 


Correct for the diff. of the 


© 60.0 
two attached therm. 1265 ＋ 41 


24.1941 Log. 383709 5 


28.1268 Log. 4491204 
1 * fall of — 3.9327 Diff. of Log. 654 157 1 * 
7 | 0 
Correction for 2076 of heat, — — + 30.048 
Correct height in fathoms, — — 684.1 57 
* 6 
Height in feet by the barometer, — 4104.942 


8 1 


by the geom. method — 4211.3 


Difference, or error of the barometer, — 106.4 = T3555» 


Obſervation below at 1. 
Barom. Ne r. Therm. Therm. 


below at 1. attached, detached, 
In, Pts. 2 5 
28.1310 62.0 636 
Correct for the diff. 57.0 heat at 3, 


of the barometer, 3 


— — 60 3 mean heat. 
28.1268 39 7 ſtandard temperature, 


— — —_—_—_—_— 


20.6 difference. 


To 
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To collect theſe laſt experiments in one point of view. 


Feet. 


The 1ſt ſeries gives for the error on every looo ft. 18.7 


2d, — — — 16.9 
3d, — — — 22.8 
4th, _—_ 85 88 235 
5th, — — — 23.1 
oth, — — — 25.2 

The mean error, — 21.7 


which agrees within two feet in a thouſand with the de- 
termination on Mont Saleve. This reſult then juſtifies 
my concluſion (in p. 5 56.) and proves that either the 
proportional gravity of air and quickſilver is now dif- 
ferent from what it was, when M. DE Luc made his 
experiments, vi. from 1756 to 1760; or that his or 
my obſervations are defective. That my trigonometrical 
meaſurements were ſufficiently exact, v2. to within two 
or three feet, I think I have already ſhewn; and even that 
his were alſo. Within what limits my barometrical er- 
tors are to be found is not difficult to determine from 
What has been before premiſed. That the ſcale of Mr. 
DE LUC's barometer was leſs accurate than mine, is, I 
think, without a doubt; and indeed he never attempted 
a diviſion leſs than th of a French line, or about -*.- 

4 B 2 Gf 
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of an inch Engliſh: and yet when I conſider the number 
of his obſervations, and the unexampled diligence and 
care with which he made them, I am obliged to attribute 
the difference of our reſults to ſome other cauſe than that 
of inaccuracy. If then future experience ſhould demon- 
ſtrate, that the denſity of the atmoſphere with a given 
heat is invariable, or nearly ſo; while the preſſure of a 
whole column of it continues the ſame, we may perhaps 
ſearch for the cauſe of our diſagreement from hence, 
vis. the barometers of Mr. DE Luc were not ſufficiently 
near each other in an horizontal direction: mine were 
ſeparated from two to three miles; and his, I believe, at 
double or triple that diſtance. It may be ſuſpected, I am 
well aware, that the ſyphon conſtruction of Mr. DE Luc's 
barometer might occaſion this difference: let us ſee whe- 
ther this be the caſe. Mr. DE SAUSSURE (whole inſtru- 
ment was of Mr. DE Luc's conſtruction, and made, as! 
underſtood, under his inſpection). obſerved at the top of 
the Mole, or at leaſt nearly on the ſame level with my 
barometer, as follows: | 


And 
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Barometer Therm. attached. Therm. det. 
In. L.. 16ths. Dx itvuc's ſcale. R EA Uu. ſcale. 


22 8 © +1*+ +10% 
And in Engliſh meaſure and FAnREN- 


HEIT's ſcale, — — 
Mr. DE SAUSSURE's barometer ordinarily TT. 
ſtands higher than mine N* 2. by (2, * 
Correct for the diff. of our attached therm. 1, + 26 


— __©_ll. 


| 24.1570 56 54.2 


Mr. DE SAUSSURE's barometer corr cted, 24. 1479 
My barometer N* 2, fee the firſt ſeries, 24. 1437 — 57 54.8. 


Difference, * 8 4+ .0042 wholly inconſiderable. 


Our barometers may therefore be ſaid to have agreed 


exactly. 


Mr. DE SAUSSURE made a ſecond compariſon juſt 
before we left the top of the mountain, which proved as. 


tollows.. 
Barometer Therm. attached, Therm. 
In L. 16ths, or Luc's ſcale. detached. 
O 20 
22 8 8 +4 711 
Or reduced to Engliſh meaſure and ſcale, 24.2014 61.7 57.9 
Mr. DE $Aus$SURE's barometer ſtands 18 3 
higher than mine Ne 2. — 1 


Corr, for the diff, of our attached therm. O. 7, —. 018 


Mr. dE 8auUssURE's barometer corrected, 24.1879 
My barometer N? 2. ſee the fixth ſeries, 24.1900 01.0 $7 


— a — 


Difference, EI * — O O0 21 


— — 


So that, in the firſt compariſon, his barometer at the 
top of the Mole ſtood higher than mine by +,004 inch; 
and in the laſt, lower by —,002; the mean is higher by 


% This we found by compariſons at the bottom of the mountain. 
+,00T: 
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+,001, equal to about 10 inches in deducing the height 
of the mountain, a quantity wholly to be neglected, 
Finally, the mean of Mr. DE SAUSSURE's obſervations 
gives the defect of Mr. DE LUC's rules 21.9 in a thou- 
{and. The conſtruction of the barometer had therefore 
no influence on this difference. But further, while Mr. | 
DE SAUSSURE obſerved the height of the barometer on 
the Mole, Mr. DE Luc, the brother made a correſponding 
obſervation with a ſimilar inſtrument at Geneva. I ſhall 
relate this obſervation, computed after Mr. DE LUC's 
manner. | 


Mr. 
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| In. L. 16ths. 

Mr. DE SAUSSURE, at 4 feet 

below the ſummit of e 8 © 

Mole, — 
Mr. DE SAUSSURE's barom. 

ſtands higher than Mr. os þ + 11 EE. 

Luc's ordinarily by, ” Heat of the air, 
Thermometer attached ＋ 1*, — o eee 

— — 1i6thsof a line. Log. Therm. Therm. 


Corre& height on the Mole, 22 8 * 4352.1 6387587 +10 n 


Mr. DE Luc, 78 feet above 5 
the lake, 5 — }, * 
Therm. attahced +6% — 0 


26 11 10 25178 A ＋ 15 — 4 


Difference of the Log. — — 754.0 03; 3 Sum —193 
10 x 222433 the correction for the temperature, — 14.8 54 5 — 
Correct height in French toiſes, — 7 39.1 70 

x 0 
Height in French feet, = — 4435-074 


Mr. dE Luc's barometer above the lake of Geneva, +78. 


Mr. dE $Aus$URE's barometer below =" ſummit of | + 
the Mole, — — * 


And conſequently, the ſummit * the Mole le above 
the lake, in French feet, +5 17. 

Which reduced to Engliſh feet 1s, — — 4814. 

But, by a mean of my trigonometrical — 88 
this height is (vide chart) — — 


Difference, or error of the barometrical rules, 69. = 8. 


This laſt obſervation ſerves at leaſt to fhew, that the 
error I am contending for is on the detective fide, though 
it gives the quantity of it ſomewhat leſs, but by no means 
deſerves that confidence which the other compariſons do; 


tor, beſides that this ſingle obſervation may be concluded 
leſs 


— ͤ — — — 
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leſs deciſive, the trigonometrical meaſurement is alſo leſ; 
accurate from the diſtance; and, laſtly, to ſuppoſe the 
ſtate of the atmoſphere preciſely the ſame with reſpect 
to weight in two places twenty miles aſunder, is, I am 
afraid, a po/tularum too hazardous to grant. I therefore 
ſay, that all theſe obſervations confirm the ſame truth, 
that the atmoſphere is tighter than Mr. DE Luc preſumed 
it. What had already been done may ſeem fufficient for 
the eſtabliſhment of this fact; for I have always held, 
that a few obſervations, well made and faithfully related, 


do more in the interpretation of nature, than a multi- 
tude of crude, careleſs, and immethodical experiments, 
But I have not done: I wiſhed to put this matter out of 
all doubt, and accordingly undertook another expedition 
to the ſummit of Mont Saleve, on the 18th of Septem- 
ber, and in a colder temperature: the experiments then 
made, with their reſults, were as follows : 

The difference of actual height by the two barometers 
was 2828.9 feet, the barometer N' 1. ſtanding higher 
than N 2. by +,0038 inch, when compared at the bot- 
tom of the mountain. 


Con- 
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Compariſon of the firſt ſeries. 


Obſervation at the top of Obſervation at the bottom. 
the mountain, 


| Barom. Ne x, Therm. Therm, 
below. attached, detached, 


+ |, In. 8 . 
) | 28.4040 58.1 58.8 
Feet. 
This gives for the height barometrically, 27 5 5.6 
But the true height was, — 2828.9 


Difference, or error of the barometers, — 73.378838 


Compariſon of the ſecond ſeries. 


Obſervation at the top of | Obſervation at the bottom. 
the mountain. 


Brom, No z. Therm. Therm. Barom. Ne x. Therm. Therm, 


at the top. attached. detached. q below. attached, detached, 
lu. n. 


15.65 50 56.2 57.0 28.4040 58.5 60.8 


Feet. 
This gives for the height barometrically, 2754.9 
But the true height was, — 2828.9 
Difference, or error of the barometers, 74.0 = 55355» 


Vo I. LXVII. 4 C Com- 
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Compariſon of the third ſeries. ſe 


Obſervation at the top of | Obſervation at the bottom, 


the mountain. 
Barom. Ne 2, Therm. Therm. | Barom. N 1. Therm. Therm. 


at the top. attached. detached. below. attached. detached. 

In. © f o In. 3 0 o 

25.6620 56.2 57.2 | 28.4040 59.3 62.0 
Feet. 


This gives for the height barometrically, 2748.9 
The height by the trigon. method was, 2828.9 


2820 


Difference, or error of the barometers, — 80.0 ==; 


Compariſon 0 f the fourth ſeries. 


Obſervation at the top of | Obſervation below. 
the mountain. | 
Barom. N*2, Therm. Therm. | Barom. Ne r. Therm. Therm. 
at the top. attached, detached. . 88 attached. detached. 
In. 5 = In. i l 
25.6600 56.4 57.4 | 28.4040 59.3 62.2 
8 | Feet. 
This gives for the height barometrically, 27 5 2. 8 
But the true height was, — 2828. 9 
Difference, or error of the barometers, — 76. 1 2 EL 


In theſe compariſons I have not 1 the whole of 
the computation, as that may eaſily be made by any 


perſon at leiſure. Finally, the mean of theſe four laſt 
ſeries 
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ſeries grves for the error on ooo feet, 26.8. I think I 
have now ſhewn, that the error actually exiſts; it re- 
mains that we determine preciſely the quantity of it. 
For this purpoſe it will be proper to collect all the pre- 
xding obſervations in one point of view. 


——_— 


Table of the reſult of all the barometrical experiments. 


— 


place of obſervation. 


True height 
ſtrigonometri- 
ally. . * 


Height by 


the barome- 


cer 5. 


heat. 


l 


1 


At the Mole, 


N 


— 


2831.3 


2828.9 


2775.2 
2763.2 
2759 4 


4132.7 
4140.1 
4115.1 


4111.96 


| 


4113.7 60.5 


4104.9 
2755˙5 
2754-9 
2748.9 
2752.8 


Mean of all, 23.6, and the © temper umme 61“. 


| Mean 


Error in 
teet, 


— 56.1 


— 68.1 


— 
— 78.6 


— 71.2 


— 96.2 
— 99.4 
— 97.6 

100.1 
7 
— 74.0 
— $80.0 


— — 


Error in 


1090 feet. 


| 


Mean error in 
1000 feet, | 


—19.8 
— 24.0 
— 25.4 
— 18.6 
— 16.9 


— 22.8 


—23.5 
—23.1 
—25.2 
—25.0 
—20.2 
— 20.2 


— 76.1 


26.9 


| 


mes 


The Mole, from two ob- 


| fervations of Mr. 5 4211.3 — -E 92. 

KAussunk, — x 

The ſame by Mr. DE 
Mussuk E, and Mr. or | 4383. | 4814. | — |— 69. 

| Luc, at Geneva, 

2 ing to dr, the Mole, 4882.8 | 4860, | — |— 22.8 
obſervations, fee the Dole, 4292.7] | 4210 TEIN Bens 82.7 
Recherches | ſur the Buet, | 8893.6 8770. | — |—123 7 
{dtmoſphere, M Blanc, 14432. 5 1409 3- | — !—339-51— 


4 


4 


—21.0 | 
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The titles of the columns are ſufficiently clear to make 
a farther explanation of this table unneceflary; and it 
appears, I think inconteſtably, upon taking a mean of my 
thirteen obſervations (and I ſhall here conſider only my 
own) on Mont Saleve and the Mole, that this error is 
about 23+ feet on every thouſand; that is, the rules of 
Mr. DE LUC give the height by ſo much too little. At 
the bottom of the foregoing table I have ſubjoined fix 
other compariſons, ſome of them from Mr. DE Luc 
own obſervations, as recorded in his valuable work; 
which however I muſt add, are certainly of leſs autho- 
rity in this inquiry, as they were made with barometers 
a great way diſtant from each other, viz. near thirty 
miles: beſides which, the geometrical heights are, for 
the ſame reaſon, not ſo accurately aſcertained. I have, 
bowever, ventured to make what uſe I could of them, 
vis. to ſhew that theſe two give a reſult on the ſame 
fide, though not exactly the ſame; and to urge the ne- 
ceſſity of a certain vicinity in thoſe obſervations from 
whence a theory is to be deduced. 

Shall I be permitted to adduce another proof, in con- 
firmation of what has been advanced? When I firit took 
up the conſideration of meafuring altitudes in the atmo- 
ſphere with the barometer, and had heard only of Mr. 
DE LUC's labours, it occurred to me, that there was 2 

6 much 
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much more ſimple method of arriving at this theory, 
than either he or I have ſince purſued. It was this; to 
determine hydroſtatically the ſpecific gravities of air“ 
and quickſilver, with a given temperature and preſſure; 
the increaſe of volume, or change of gravity, with a 
given increaſe of heat being ſuppoſed to be known by 
the experiments of BOERHAAVE / and HAWKESBEE , 
which might be farther examined by fimilar ones; and 
preſuming that the geometrical ratio in the air's denſity, as 
you advance upwards from the earth's furface, had been 
ſufficiently demonftrated'®”, For the proportional gra- 
nity of quickſfilver to air will expreſs inverſely the length 
of two equiponderant columns of theſe fluids, that is, 
when the columns are taken infinitely ſmall'”, With 

theſe 


(r) Tr may ſeem particular that I ſhould propoſe an experiment ſuppoſed to 
be very well known, and which hardly any elementary treatiſe on chemiſtry or 
experumental philoſophy. will not furniſh us with an example of; the weight of 
given quantity of air. BOYLE, HALLEY, HAWKESBEE, HALES, each of 
them have tried'it, and many others fince their time: but the misfortune is, all 
theſe experiments have been but groſs approximations, without due attention to 
tie heat; and yet the determination of HAwKESBEE ſeems to have b-en followed 
by one-half of Europe in Pneumatical reſearches. Indeed I only know of one 
experiment that has the leaſt title to preciſion, and that is Mr. cavEn- 
bisn's, briefly related in the LV lth volume of the Philoſophical Tranſactions. 

( Elementa Chemiæ. X 

(.) Phyſico-mechanical Experiments. 

(u) coTes's Hydroſtat. Lectures, et alibi. 

(x) I am not ſorry to anticipate the reader's remark here, that this obſer- 
'Uion, is not new; fince I find that I have been treading the ſame ſteps with 


Mr, 
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theſe ideas I made the following experiment. I cauſed a 
- glaſs, veſſel to be blown ſomething like a Florence' flaſk; 
or rather larger; to the neck of this was adapted a braſs 
cap with a valve opening outwards, and made to ſcrew 
on or off, together with a male ſcrew, by which it was 
fixed to < excellent pump of Mr. NAIRNE'Ss conſtruction, 
and exhauſted of its air, or at leaſt rarified to a known 
degree: the veflel was then carefully weighed with a 
ſenſible balance, and again after the air was re-admitted; 
the difference gave the weight of the air that had been 
exhauſted. . After having repeated this two or three 
times, the veſſel was exactly filled with water as far as 
the valve, which had been the term of capacity for the 
air; this was done by ſcrewing on the cap till the ſuper- 
fluous water oozed all out, and upon inverting the veſſel 
there appeared not the leaſt ſign or bubble of air; I 
therefore concluded, that the volume of water was pre- 
ciſely the ſame as had been the volume of air, a circum- 
{tance that ſhould be accurately attended to. It was then 
carefully weighed, and compared with its weight when 
full and deprived of its air. It will readily be ſeen, that 
I had then the ſpecific gravity of the two fluids, upon 
ſuppoſition that the figure of the glaſs had not altered 


Mr. BoyLE and Dr. HALLE, who both made uſe of this method; the one with 
a view to determine the limits of the atmoſphere; and the other the height of 
Snowden. 


2 by 
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by preſſure during the experiment; and this effect may 
be preſumed to have 'been the moſt ſenſible, when the 
yeſſel was filled with water, the preſſure at that time 
being from within. To affure myſelf of this, I let in a 
mall quantity of air, which formed a bubble of about 
one-third of an inch in diameter, and upon immerging 
the glaſs in another veſſel of water, whereby the preſ- 
ſure within was counterpoiſed by. a preſſure without, the 
bubble ſeemed to contract itfelf by a quantity, as I found. 
afterwards, equal to about two grains in weight, or 2985 5 555 
of the whole contents. I therefore concluded, that this 
correction was hardly worth taking notice of, and ſtill 
leſs the effect from external preſſure when the glaſs was 
exhauſted. At every operation the height of the baro- 
meter and thermometer (placed cloſe to the veſſel when 
the air was weighed) was noted down,.together with the 
height of the pump-gage, which, compared with the 
barometer in the room, ſhewed the quantity exhauſted. 
The reſult of the experiment was as follows, the baro- 


meter in the room ſtanding at 29.27 inches,.and the 
heat of the room 5 3*. 


'The 
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| Feet, 

The bottle empty or exhauſted till the gage ſtood at 29.15 inches T 
weighed (determined from four different trials, and the a 2657.40 
turning with Tx of a grain) | * KEI 

Increaſe of weight when filled with air, from four als certain 
to 7's of a grain — 65 1716.13 

Bottle filled with water, whoſe heat was 5175 — a 16220.00 

Weight of the water, excluſive of the bottle, 4 So x3562.60 


But the bottle was exhauſted only in the proportion 
of 29.15 inches to 29,27 inches; therefore if a perfect 
vacuum could have been made, the difference of wei ght 
would have been 16.22 grains inſtead of 16.193 grains, 
Again, the water was colder than the air by 2*; the one 
being 53, and the other only 5 1˙: now water, from 
former experiments, I find to expand about 76886 with 
2 of heat; therefore, if the water had been of the ſame 
temperature with the air that was examined, the weightof 
an equal volume would have been only 13558, 5 grains; 
and laſtly, 13358. 5 divided by 16.22 gives 836” and 
by ſo much is water heavier than air in theſe circum- 
ſtances. 


(y) HAWKESBEE's experiments made the air 850 lighter than water, the baro- 
meter being at 29 7; and Dr. yaLLEy ſuppoſed it about 800. Mr. CAveN- 
DISH, in weighing 50 grains of air, when the barometer was at 292, and the 
thermometer at 5o?, concluded the ſpecific gravity of air to be about 800 alſo. 
Now my experiment, reduced to the ſame circumſtances with his, would givc 
$17 for this gravity, no great difference in an affair of ſuch delicacy. 
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By former experiments I find the ſpecific grav ity of the quick- 
filver of my barometers, compared with rain-water in 68. 13.606 to 1 


of heat, as, — — — 


And 68˙—5 3 n,, correct therefore for 15 of expanſion * 10 
quickſilver, — * 

Correct for 155 of expanſion of air, — —,031 

True ſpecific gravity of quickſilver, with 53 of heat, 1 3.594 1 

Which multiplied by the ſpecific gravity of air, — x 836 


Gives for the comparative gravity of quickfilver and air, — 11364.6 
the barometer is at 29.27, and the thermometer 53%, — 4 


Aud laſtly, roth of an inch of quickſilver, when the barometer ſtands at 
29.27 inches (viz. from 29.22 inches to 29. 32 inches) with the dem- 94-7 


perature 53, is equal to a column of the atmoſphere of, — 
This quantity, e to m 2 obſervations, is, — 923.83 
— — — to Mr. DE Luc's rules, — — 91.66 


We ſee here then that the ſtatical experiment agrees 
vith the reſult of my barometrical ones to within about 
11 inches in 1oo feet, and I am not ſure that it is not. 
fill capable of much farther preciſion; and though per- 
haps alone it might carry with it, to ſome perſons, a leſs 
concluſive teſtimony, who reluctantly reaſon from the 
little to the great, yet, in conjunction with what has been 
before ſhewn, I think it has conſiderable weight; and I 
an the leſs inclined to reject ſuch an indirect method of 
proof, as I have the great authorities of HALLEY and 


N2WTON on my fide'”, 
I have 


F z) © Ce qu'il y a d'eſſentiel a obſerver ici,” ſays Mr. DE Luc, © et vrai- 
ment digne de remarque, c'eſt que par la feule connoiſſance des peſanteurs 
* ſpecifiques de Vair et du mercure, HALLEY eſt paryenu à une regle tres 
„r 4 D 66 che 
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I have thus endeavoured to ſhew then that the error 
of the theory is — 43> when the temperature of the 
air is 619.4 (ſee the table of the refult of the obſerva- 
tions). It remains therefore, finally, that we deduce a 
rule, the error of which ſhall be nothing, vis. to find 
the temperature wherein the difference of the loga- 
rithms of the heights of the barometer, taken to four 
places of figures, will give the true difference of eleva- 
tion in Engliſh fathoms. Previous to this inveſtigation, 
with which I intend to conclude this paper, it will be ne- 
ceflary to remark, that by repeated experiments with the 
barometer, I find a ſmall difference in the equation for 
the expanſion of air by a change of temperature, and 
even in that of quickſilver from the ſame cauſe, from 


what Mr. DE Luc's obſervations have given it'”. I ſhall 


c approchante de celle, quꝰ un grand nombre d'obſervations- du. barometre dans 
&« les Cordelieres ont difte depuis a M. BouGUER : cependant malgre Pappul 
c que ces experiences ſe pretent reciproquement, on verra qw elles etoient encore 
4 bien cloignees de fournir une regle generale.“ Recherches ſur PAtmoſphere, 
ſe. 267. 

(a) He indeed made his experiments on. the atmoſphere itlelf with the 
barometer, in order to determine the variations of its denfity; but fince it 
appears that the abſolute denſity of this fluid is different from what he ſup- 
poſed it, it is no bold conjecture to preſume that the degree of its variation 
ſhould be different alſo; and to aſcertain this point, J have preferred the 
inſtrument above-mentioned to the method uſed by Mr. pz Luc, how direct 
ſoever his may ſeem; for in determining minute quantities or equations, we 
muſt not embarraſs ourſelves with the compound effe& of too many cauſes at a 
Une, 
not 
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not here trouble the reader with the experiments at 
urge, too ſimple in themſelves to deſerve ſuch a detail, 
unleſs a future occaſion ſhould render that neceſſary, as 
the methods here uſed may be met with amongſt 
HAWKESBEE'S or Mr. BOYLE's experiments; and content 
myſelf with relating only the reſult of the different 
trials. | 


1000 parts of air of the temperature of freezing and 


preſſure of 30+ inches, increaſed in volume by an addi- 


( 


meter as follows: 


ition of 1 degree of heat on FAHRENHEIT's thermo- 


0 


| Obſe rvations. 


ö 


With another 
manometer, 


Wich the firſt 
| manometer, 


— 


| grees the air was 
heated. 


— 


Number of de-jExpantion for 181 
in roeoths of 
the whole. 


2.30 
2-43 
2.48 
2.45 
2.48 
2.51 
2.36 
2.24 
2.38 
2.50 


— — 


N 
Mean from the firſt 
” manometer 2.44. 


? | 


Mean from the ſecond 
manometer 2.42 
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504 me 


The mean of theſe two ſorts of obſervations, made 
with different inſtruments, is 2.43, vig. 1000 parts of 


the air at freezing become by expanſion from 1* of heat 


Pts, Pts. 
equal 1002.43 or 1002.38 5 with the ſtandard tempe- 


rature 397.7. Mr. DE Luc's experiments reduced give 
. 
this quantity equal 1002. 230 (ſee Tranſ.). It may 


be imagined, that I ſhould have had a more accurate con- 
cluſion by making theſe obſervations in greater dif- 
ferences of temperature than what is ſhewn in the ſe- 
cond column of the above table; but it did not appear 
ſo to me. On the other hand, I found that it was abſo- 
lutely neceſſary that the ſame heat ſhould be kept up for 
ſome hours together, in order that I might be fare that 
the air within the inſtrument, the glaſs tube that con- 
tained it, and the air without it, all had acquired the ſame 


() It has generally been ſuppoſed, that air expands z with each degree of 
the thermometer, commencing from the mean temperature 55*; and, in conſe- 
quence of this, aſtronomers have computed tables for correcting their mean 
re fractions; but, upon reducing the reſult of my obſervations to the temperature 
55˙w5 we ſhall have the correction of the refraction for 1* = 75555 Or zur. 

Now according to Mr. DE Luc this equation is 125 = 753, which would 
produce a difference of about 4“ in the corrected refraction, upon an altitude of 
5 with the temperature 35. If my numbers may be ſuppoſed to deferve equal 
confidenes, the error of the tables in common uſe, in the above circumſtances, 
would amount to only half that quantity, and therefore probably wall be 
thought ſcarce worth correctin g. I have mentioned this in order to obviate the 
concluſions that have been drawn by ſome perſons from Mr. pE Luc's theory. 


uniform 


in order to aſcertain the height of Mountains. 565 


uniform temperature, which in my room I found not 
very eaſy to effect in heats greater than 70* or 80. I 
have therefore preferred repeating the experiment with 
{mall differences of heat; but ſuch, however, as will in- 
clude almoſt all the temperatures in which barometrical 
obſervations are likely to be made, vig. from 329 to 83. 

It has been ſuſpected, in conſequence of ſome experi- 
ments made by a very ingemous member of this Society, 
that air does not expand uniformly with quickſilver; or 
that the degrees of heat ſhewn by a quickfilver-ther-- 
mometer would be expreſſed on a manometer, or air- 
thermometer, by unequal ſpaces in a certain geometrical 
ratio. I do not deny this propoſition; but I have alſo 
very little reaſon to aſſent to it, if I may truſt my own 
experiments, which certainly evince that this ratio, if 
not truly arithmetical, is ſo nearly ſo as to occaſion no. 
ſenſible error in the meaſuring of heights with the ba- 
rometer; and that is all I contend for. The ſmall dit- 
ferences that are ſeen in the above table of this expan- 
hon, deduced from a mean of 14 or of 40*, I would 
attribute rather to the errors of obſervation than to any 
actual irregularity in nature. If, however, this progrel-- 
hon be infiſted upon, it ſhould ſeem, that the degree of. 
the air's expanſion increaſes with an increaſe of heat; 
and that the difference of volume or denſity From 1* of. 
heat, 
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heat, any where within the limits above-mentioned, 
would be about one part in five thouſand from what! 
take it at a mean. I ſhould not have inſiſted ſo long on 
this circumſtance, but in reſpect to the known accuracy 
of the author of this hypotheſis. Neither do I find any 
reaſon to believe, that the expanſion of air varies with 
its denſity. I have tried air whoſe denſity or preffure 
was equal to 233 inches, and alſo to forty inches; but the 
dilatation, with equal volumes and equal degrees of heat, 
was very nearly the ſame in both caſes. I might add a 
great deal more on theſe manometrical experiments, but 
I am afraid it would be more tedious than uſeful. I pro- 
ceed therefore to the expanſion of quickſilver. 

This experiment was made with a tube, ſomething 
like a thermometer, but conſiderably larger than the or- 
dinary fize, and open at one end; it was filled with 
quickſilver to a certain height, and then expoſed to the 
temperatures of freezing and boiling repeatedly, the ba- 
rometer being at 30 inches: the difference of the volume 


in each inftance was determined afterwards by accu- 
rately weighing the contents. I thus found, that if the 
quicklilver at freezing be ſuppoſed to be divided into 
13119 parts, the increaſe of volume by a heat of boil 
ing water became equal to 208 of theſe parts = n and 


10 83 4 
Z>* 755 = 77357575 and ſuch would be the expanſion for 
2 each 
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each degree of the thermometer, commencing from the 
freezing point, = o, oo 262 inch on a column of 30 
inches of the barometer, if the glaſs had ſuffered no ex- 
panſion during the experiment. This, however, has- 
deen found to be with 1807 of heat = zs in ſolidity 
vis. the cube of its longitudinal expanſion) and 
26 K 755 = 77855 = 0,00042 inch, for the effect of the 
expanſion of the glafs for 1* upon a column of 30 
inches; this added to the quantity before found, which 
was only the. exceſs of the greater expanſion above the : 
eſs, gives for the true equation for each degree o, oo 304 
inch when the barometer ſtands at 30 inches“. Mr. pz 
wwc's correction in this caſe was 0,00312; a difference 
o ſmall that I ſhall take no notice of it as to its influence 
upon our obſervations. It may deſerve a remark here, 
that this equation rigorouſly taken is variable according 


to the height of the thermometer; for 1*, which at 


(c) It has been ſuſpected, and I believe will appear from very good obſerva- 
tions, which however I never made myſelf, that the expanfion of quickſilver in 
the barometer is not directly as the heat fhneẽn by the thermometer, but in a 
atio ſomething different, owing to ſome of the quickfilver being converted 
into an elaſtic vapour in the vacuum that takes place at the top of the Torri- 
cellian tube, which preſſes upon the column of quickſilver, and thus counteraQs 
n a ſmall degree the expanſion from heat. It does not, however, appear to be 
2 conſiderable quantity, not amounting to above one fixteenth of the whole 
expanſion in a range uf 40 of tein; erature; 1 ſtia l therefore venture to con- 
der this equation ag truly uniform, fince the error on ten thouſand feet would 
not amount to five, 


freezing 


— 
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freezing 1 is = 75757 of the whole volume, at the tempera- 


1 


ture 825 becomes 57, a difference indeed that may 
fairly be neglected, and which I neglect myſelf; yet J 
cannot help obſerving, in juſtice to Mr. DE Luc, that his 
method of reducing his barometers always to the ſame 
ſtandard temperature, was free from the error I am 
ſpeaking of. 3 

To conclude, the defect of Mr. DE Luc's rules being 
ſuppoſed 2 or, which comes to the ſame thing, the 


correction being + ; 888885 when the temperature of the 


air is 619.4, and the true expanſion of the air for each 


degree being —23% when the heat is 39.7; required to 
find the temperature wherein the difference of the loga- 
rithms ſhall give the true height in Engliſh fathoms, 
that temperature, according to Mr. DE nnn 395 70 
and the expanſion ö 

Let T be the temperature 615 4; s Mr. DE LUC 
ſtandard temperature; E the expanſion for 17; e the ſame, 
according to Mr. DE LUC; a the ſuppoſed correction of 


the rules, and x the temperature ſought. We have then 


the following formula, TSX E= e'” — g = 8—x, wherein 
proceeding with the above numbers s—x comes out 


(4) This ſign is negative, becauſe the aſſumed expanſion e is leſs than the 
true one E, and conſequently tended to increaſe the apparent error of the rules; 
had it been greater, « would have been +, 


89.50 
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8. go, and conſequently x 315. 24 the temperature re- 
quired; which, if it ſhould be thought convenient, may 
be conſidered as the freezing point. 

In the whole of the above inquiry I have taken no 
notice of the effect of gravity upon the particles of the 
ur at different diſtances from the earth's center, which 
ſhould doubtleſs enter into the account, and which would 
occaſion the denſity of the atmoſphere to decreaſe in a 


ntio ſomething greater than the preſent theory admits 
of, In a height of four Engliſh miles Dr. HoksLEx finds 
(Phil. Tranſ. vol. LXIV.) that the diminution of denſity 
or volume from the accelerative force of gravity would be 
only e part of the whole, or about 48 feet; and I may 
add to this, that this effect will be in the duplicate ratio 
of the heights, ſo that at one mile high it becomes only 
three feet. A like effect takes place alſo below the ſur- 
face of the earth, as in meaſuring the depths of mines, 
&c. with this difference, that here it is but half the quan- 


tity; in the former inſtance gravity within the earth 


being fimply as the diſtance from the center; they are 
both of them, however, circumſtances that deſerve no 
attention in practice. 

This would be the place for me to enumerate the 
many deſiderata, beſides thoſe already hinted at, that {tl 
remain for the perfection of this theory; ſuch as the 


Lol. LXVII. 4 E lawe 
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laws of heat, that obtain in the different regions of the 
atmoſphere; the effects of moiſture, winds, the electric 
fluid, together with the weight and qualities of the air in 
different countries, &c.; that at the ſame time that I am 
congratulating the preſent age on one of the moſt bril. 
liant diſcoveries in natural philoſophy, I may be under- 
ftood alſo to encourage every lover of ſcience to {till farther 
enquiries in a branch of knowledge no leſs uſeful than 
ingenious; particularly in a kingdom wherein, from its 
commercial intereſts, and in conſequence its many inland 
navigations, every improvement in hydroſtatics, the art 
of levelling, or geometry, cannot but tend conſiderably 
to the public beneſit. The ſources of ſcience are not 
eaſily exhauſted; multitudes of them remain wholly 
unexplored. If novelty can afford a charm, the path.! 
am ſpeaking of, till of late, has been the leaſt frequented; 
witneſs the freſh, important truths in Pneumatical re- 
ſearches that, from zeal and faſhion, every day's expe- 
rience affords. I might here offer too a tribute of applauſe 
(and am ſure in concert with this whole aſſembly) juſtly 
due to the indefatigable labours of him whoſe iteps | 
have purſued; but I am convinced he will rather hear 
me acknowledge our obligations to the ancients than any 
panegyric of himſelf. Be the benefit we receive from 
them our encouragement to proceed. 

7 | ACulttth 
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Multum egerunt, qui ante nos fuerunt, ſed non pere- 
oerunt: multum adbuc reftat operis, multumque reſlabit; 
nec ulli nato pot mille ſœcula præcludetur occaſio aliguid 
adbuc adiciendi.“ sEN. Epiſt. 64. 


— — 


J 


IN the ſubſequent pages, which I have now the ho- 
nour of laying before the Royal Society, I have drawn 
up, and I hope in a form the moſt commodious, the ne- 
ceſſary tables and precepts for calculating any acceſſible 
heights or depths from barometrical obſervations, and 
without which I thought the preceding memoir would 
de incomplete; referring, however, to that for the proofs 
or elements from whence the tables have been com- 
puted. And herein I have endeavoured to adapt myſelf 
to the capacity of ſuch perſons as are but little conver- 
ant with mathematical computations, but who may have 
irequent opportunities of contributing ſomething to the 
alvancement of ſcience by experiments with this uſeful 
&E-2 inſtru- 


n 
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inſtrument, which is now become nearly in as common 
poſſeſſion as a pocket watch. I have induſtriouſly 


avoided the method of logarithms, propoſed by Dr. Hal- 
LEY, and adopted by Mr. DE Luc, both becauſe ſuch 


tables are not in the hands of every body, and becauſe I 


have perceived that many perſons of a philoſophical 
turn, though ſkilled only in common arithmetic, have 


been frightened by the very name: a method lefs popu- 


lar, however elegant, would have been leſs generally 
uſeful. To theſe tables is ſubjoined a liſt of ſeveral alti- 
tudes, as determined by the barometer : this will ſerve to 
ſhew the uſe I have made of the inſtrument, and will at 
the ſame time exhibit the level of a great number of 
places in France, Savoy, and Italy, and, as I think, be no 
improper ſupplement to exemplify the rules. It mi ght 
have been expected that I ſhould have ſaid ſomething on 
the theory of barometrical obſervations, and have laid 
down the laws and principles on which it depends; but 
as that has been ſo amply done by other writers of in- 
conteſted authority, I ſhall content myſelf with inſerting 
only the following propoſitions. . 

iſt, The difference of elevation of two places may be 


determined by the weight of the vertical column of the 


atmoſphere intercepted between them. 
2 | 2d. 15 
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zd, If then the weight of the whole atmoſphere at 
euch place can be aſcertained, the weight of this column, 


©, their difference, will be known. 

But the height of the quickfilver in the barome- 
tc: :xprefles the total weight of the atmoſphere in the 
p...- of obſervation; the difference, therefore, of the 
ht it of the barometer, obſerved in two places at the 
fame time, will expreſs the difference of elevation of the 
two places. | 

4th, But further, the weight of this column of the. 


atmoſphere is liable to ſome variations, being diminiſhed 
by heat, and augmented by cold; and again, a ſimilar 


ateration takes place in the column of quickfilver, 
which is the meaſure of this weight. 
sth, If then the degree of theſe variations can be de- 


termined, and the temperature of the air and quickfilver 
it the time of obſervation be known, the weight of this 
olumn of air, or the difference of elevation of the two 
places, will be concluded as certainly as if the gravity of 
theſe two fluids, with all heats, remained invariably the 
ame: this is the whole myſtery of barometrical mea- 
urement. 
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APPLICATION. 


The height of the barometer in Engliſh inches at any 
two places at the ſame inſtant, and the heat (according 
to FAHRENHEIT's thermometer) to which it is expoſed, 
being known, together with the temperature of the air 
at each place, obſerved with a ſimilar inftrument ; re- 


quired the difference of elevation of the two places in 
Engliſh feet. 


R UL E. 


Precept the 1ſt, With the difference of the two thermo- 
meters that give the heat of the barometer (and which, 
for diſtinction ſake, I ſhall call the attached thermome- 
ters ()) enter table I. with the degrees of heat in the 
column on the left hand, and with the height of the 


barometer in inches, in the horizontal line at the top; in 
the common point of meeting of the two lines will be 


found the correction for the expanſion of the quickſilver 


(e) It is ſcarce neceſſary to remark, that, in order to make good concluſive 
obſervations, it is proper to be furniſhed with two barometers, and four ther- 
mome<ters; viz. one attached or inſerted in the frame of each barometer; and 
the other two detached from them, in order to take the heat of the open alt; 
for it will ieldom be found, that the thermometer in the frame of the barometer 
and that in the air will ſtand at the {ame point, and for a very evident reg ſon. 


1 - 
55 
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by heat, expreſſed in thouſandth parts of an Engliſh 
inch; which added to the coldeſt barometer, or ſubtracted 
from the hotteſt, will give the height of the two barome- 
ters, ſuch as would have obtained had both inſtruments 
been expoſed to the ſame temperature. 

Precept the 2d, With theſe corrected heights of the ba- 
rometers enter table II. and take out reſpectively the num- 
bers correſponding to the neareſt tenth of an inch; and if 
the barometers, corrected as in the firſt precept, are found 
to ſtand at an even tenth, without any further fraction, the 
difference of theſe two tabular numbers (found by ſub- 
tracting the leſs from the greater) will give the approxi- 
mate height in Engliſh feet. But if, as will commonly 
happen, the correct height of the barometers ſhould not 
be at an even tenth, write out the difference for one 
entire tenth, found in the column adjoining, intitled 
Diferences; and with this number enter table III. of pro- 
portional parts in the firit vertical column to. the left 
hand, or in the T ith column, and with the next decimal 
following the tenths of an inch in the height of the 
barometer (vis. the hundredths) enter the horizontal 
line at the top, the point of meeting will give a certain 
rumber of feet, which write down by itſelf; do the ſame 
by the next decimal figure in the height of the barome- 
'&r (vg. the thouſandths of an inch) with this difference, 


ſtriking 
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'friking off the laſt cypher to the right hand for a frac. 
tion; add together the two numbers thus found in the 

table of proportionable parts, and their ſum ſaubdua 

from the tabular numbers juſt found in table II.; the 
differences of the tabular numbers, ſo diminiſhed, will 
give the approximate height in Engliſh feet. 

Precept the 3d, Add together the degrees of the two 

detached or air-thermometers, and divide their ſum by 

2, the quotient will be an intermediate heat, and muſt 

be taken for the mean temperature of the vertical co- 

lumn of air intercepted between the two places of ob- 


{ervation: if this temperature ſhould be 31*; on the 
thermometer, then will the approximate height, before 
found, be the true height; but if not, take its difference 
from 315, and with this difference ſeek the correction 
in table IV. for the expanſion of air, with the number of 
degrees in the vertical column on the left hand, and the 
approximate height to the neareſt thouſand feet in the 
horizontal line at the top; for the hundred feet ſtrike off 
one eypher to the right hand; for the tens ſtrike off two; 
for the units three: the ſum of theſe ſeveral numbers 
added to the approximate height, if the temperature be 
greater than 3 151, ſubtracted if leſs, will give the correct 
height in Engliſn feet. An example or two will make 

this quite plain. 
EXAMPLE 
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EXAMPLE Þ 


Let the height of the kimba obſerx ed at the bot- 
tom of a mountain be 29.4 inches, the attached ther- 
mometer 50?, and the heat of the air 45?; at the ſame 
time that at the top of the mountain the barometer is 
found to ſtand at 25.190 inches, the attached . 
meter at 465, and the air-thermometer at 39; re- 
qured the height of the mountain in Engliſh feet. 
det the numbers down in the following order: 


Vol. LXVII. 4 F Obſer- 
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Obſervation at the bottom. 


Barometer, Therm. Therm. 
attached. in the air. 


In. | | 
29.490 Log 45” 
46 Wy 
il Diff. of the two attached thermometers, 4 
| 11} Obſervation at the top. 
1 * attached. in the air. 
11 25.190 465 9'z 
uv Correct for the diff. reed | 54 
14 two attached therm. viz. 4”, eb — 
Ty : 2)844(424 mean heat. 
1s Height of the uppermoſt | 311 ſtandard heat 
114 barometer, reduced to the —— — 
| 4 ſame heat as the lowermoſt, 5-2 11 difference, 
i 1 a Correct for 115, ſee tab. IV. In. Feet, 
'T | | on 4000 feet 106. Tabular number, ſee tab. II. 128 200 = 6225.0 
18 3 | as: 15 ow +65 correſponding to, — : 835 
1 ö 8 5 The ſame, correſponding to 29.400 = 2208.2 
wn or on 401 107. — 
| | — 2 22 Approximate height in feet, 4016.8 
Li Correction for 117 of heat on 4016 feet, add, — — 107.4. 
4 | Correct height of the mountain = _- — 4124.2 
| x Now the difference of the attached thermometer 50 | 
| and 46* is = 45; and againſt this number, in table I. in 


the column for 25 inches (being the height of the baro- 
meter in this caſe) I find xo, which added to 2 5.190, 45 


this barometer was the coldeſt, gives 2 5. 200 inches for 
L the 
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the height of the uppermoſt barometer reduced to the 
ame heat as the lowermoſt: and in table II. oppoſite to 
25.200 inches and 29.400 inches, I find reſpectively 
6225.0 and 2208.2; their difference 4016.8 is the ap- 
proximate height in feet. The degrees on. the ther- 
mometer in the open air, 39“ and 45* being then added 
together, and afterwards divided by 2, give tor the mean 


1 
FS, 


the ſtandard temperature, 31: and laſtly, the correction 
for 119, in table IV. on 4000 feet I find = 106.9, and 
on 16 feet =0.5; that is, 107.4 feet equal the whole 
correction, which added to 4016.8 gives 4124. 2 feet for 


the correct height of the mountain. 


temperature of theſe obſervations 42, or 11* above 


EXAMPLE II. 


Suppoſe the height of the barometer at the top of a 
rock had been obſerved at 24.178, the attached ther- 
mometer at 57. 2, the air-thermometer at 563 the ba- 
rometer below at 28.1318 inches, the attached thermo- 
meter 612.8, the detached one 63.9; what is the height 
of the rock ? 


-F 2 Obſer- 
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Obſervation at the bottom, 
Barometer, Therm. Therm, 
attached, detached, 
In, | 
28.1318 615.8 63%.9 
$7-2 
Difference of the two attached thermometers, 4.6 


Obſervation at the top. 


Barom. Therm. Therm. 
| attached. detached. 


In. 5 
241780 579.2 56.0 : 
Correct for the diff. of She 63.9. 
the two attached therm. N * 
viz. 4 6, — — — 2)119.9 (59.95 mean heat. 
Height of the uppermoſt + 31.24 ſtandard temp, 
barom. reduced to the [. 8 | 3 
ſame heat as the lower- 24 189 28.71 difference. 
moſt, namely 615.8, / = — — 
| Feet. Diff. 
Tabular number, cor- } 
reſponding to, 2 7 n 1399-0 IBM 
The fame, ſee tab. III. 800 86 o 
L . 
- — —— — — 2 | 
24.1892 7292.1 
Tabular number, cor- ä 
reſponding to, , 28,1000 3386.6 92.6 
The ſame, ſee tab. IH. 300. 28.0 1 3 = 
— 10 9 j—29.6 Correct for 289. 7. ſee tab IV. 
- — — — 8 0.7 | 3000 = 204.1 
* 28 © a | 900 = 61.2 
28. 1318 3357.0 8 © 2-4 
And 3357.0 feet taken from — 7292.1 3000 = Fil 
: : : 0.7 on þ 900 = 1.5 
Leaves the approximate height in feet, 3935 1 332 0.0 
Correction for 28% of heat on 3935 ft. ＋ 274.3 9 
28.7 on 3935 274 


Correct height of this mountain, 4209.4 


This 
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This laſt obſervation was actually made, and the 
height geometrically was determined to be 421 1.3 feet, 
not quite two feet different. In this example it will be ob- 
ſerved, that as the height of the barometer is ſet down to 
four places of decimals; the tabular numbers, anſwering 
to every tenth only, are corrected by means of table III. 
of proportional parts, for the remaining decimals 8, 9, 
and 2, in one place; and 3, 1, 8, in the other; and their 
ſum is ſubducted from the numbers found in table 1I. 
And laſtly, that in finding the correction for 28*.7 of 
heat, the fraction +; is conſidered as fo many units, and 
another decimal ts ſtruck off; thus the correction on 
3000 feet for 7 is 51; but for it becomes 5. 1, and 
o of the reſt. 


EXAMPLE III. 


In the upper gallery of the dorne of St. Peter's church 
at Rome, and 50 feet below the top of the croſs, I ob- 
ſerved the barometer, from a mean of ſeveral obſerva- 
tions, 29.5218; the thermometer attached being at 
56*.6, and the detached one at 57%; at the ſame time 
that another, placed on the banks of the Tyber one foot 
Wove the ſurface of the water, ſtood at 30.01 68, the 
attached thermometer at 609.6, and the detached one at 
bo*.23 what was the total height of this building above 


the level of the river? 
Obſer- 
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Obſervation below, at one foot above the Tyber. 


Barometer. Therm. Therm. 
attached. detached. 
In. 


30.0 168 60.6 60˙.2 
56.6 


—ů— (r— 


Difference of tlie two attached thermometers, 4.0 


Obſervation above, in the gallery of St. Peter's church, 


29.5218 56.6 57.0 
Corre@ for the diff. of | 60.2 
the two attached therm.] T 120 
— 2)117.2( 58.60 mean heat. 
Height of the uppermoſt 31.24 ſtandard temp, 
barom. reduced to the 8 
heat of the lowermoſt 29-5338 27. 36 difference. 
viz. 60. 5, — — 
| Feet, Diff. 
Tabular numbers cor- | 
reſponding to, — | 29. 5000 2119.7 88,2 
=_ - 300 26.4 
. 
e eee 8 7 
29.5338 2090.0 
Tabular numbers cor- 
reſponding to, — 30. 1681.7 86.7 
— — 100 8.7 
— 60 $3 145 jo ED 
— —_—_— 8 7 Torrection for 2754 
— — - 5 400 = 20.2 
30.0168 ie l 22 = 1.4 
2090.0 | 0.4 on 400 = 4 
Approximate height, 422.9 | _ 
Correction for 27*4 of heat on 422 feet, +28.0 | 27.4 on 422 =20.0 _ 


Difference of height of the barometers, 450.9 


- Loweſt barom. ſtood 1 foot above the river, + 1.0 


Top of the croſs above the gallery was, 4 50.0 


Total height of the top of the croſs 
above the river Tyber, — * 
The tame meaſured the fame day geo- 
metrically was, — — — 


Wher 
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When the difference of the heights of the quick ſilver 
in the two barometers happens not to excecd - or even 
2 of an inch (and this will frequently be the caſe in level- 
lng flat countries, or meaſuring ſmall heights) in ſuch 
circumſtances the moſt convenient way of reducing the 
obſervations will be by means of the column of differences 
only; thoſe numbers expreſſing the length of a column 
of the atmoſphere which correſponds to -; of an inch of 
quick filver, at any aſſigned height of the barometer. 


EZAMPLE IV. 


Suppole the following obſervations had been made at 
the top and bottom of any eminence; v72. at the top, 
barometer 29.98 5 inches, attached thermometer 70*s5, 
detached thermometer 76*; and below, barometer at 
30.082, attached thermometer 71, and the detached. 
one 68*; what was the height of the eminence? 


—— —— 
* — * — 
o 
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Obſervation below. 


Barometer, Therm Therm, 
attacied, detached. 
In. 4 Fe 
30.0820 71.0 68.0 
70.5 | 


Differenee of the two attached therm. 0. 5 


Obſervation at the top. 


Barometer. Therm. Therm. 
attached. detached. 


In. R i 
29.9850 70.5 76.0 
Correct for o. 5 of heat, . 015 68.0 
=... 29.9365 2)144.0(7 2.0 mean heat. 
From — — 30.0820 31.2 ſtandard temp, 


—_— 


Remains the difference + 40.8 difference. 
or fall of quickfiiver in 0.0955 — 
the barometer, — 


The difference for 7s at 30 inches = 86.7 feet. Corre@ion, for 415, 
; Feet. Ft. 
Feet FO 80 =$.0 
Therefore, for 0900 — — 8 2-78 4 
©050 — — 4.3 | — 
©0005 — — 0.4 | 41* on 32.7 = 3 


OO) OP @Oouw.8=S 
— — — 


Therefore, 0955 inch of quickfilyer, = 82.7 the approximate helga. 


Correction for 41 on 82.7 feet, ＋ 8.3 


Gives — — — 91.0 = the true heiglit. 


— — 


Now this was the height of the T arpeian rock, or the 


weſt-end of the Capitol-hill in Rome, above the con- 
vent of St. Clare, in the Strada dei /pecebi. 

The preceding rules for determining heights above 
the ſurface of the earth will, I preſume, anſwer equally 


well tor meaſuring depths below it. 
TABLE 
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TABLE I. For the expanſion of quickſilver by heat, 
ſee p. 574. | 


Height of the barometer in inches. 


1 — 


933.4 
1035.6 
2037.9 
+ 3140.1 


49.0 
51.1 
53.2 
55˙4 
wn 
. 
3-9 
06.0 
68 2 


9 70.3 
72.4 


74.5 
10.7 
78.8 


20.9 
83. 1080.9 
85.2 


949.1 


24 


42.3 
44- 
46.8 


51.3 
53'5 
55-0 
568.0 
60.3 
62.5 
64.7 
66.9 


71.4 
73-0 
75-0 
79.0 
80.2 
82.5 


84.7 


6146.0 


69.1 


9˙3 


49 
7-3 
9-7 


I1.0112.1 


14 


16.317. 0 
18.6019.4 
21.0021. 9 
23.3243 
25.626.7 


28.0 
30.3 
32.6 
34-9 
31+2 
39-0 
41.9 
44.2 


48.9 
51.3 
53-0 
559 
59.2 
60.5 
62.9 
05.2 
07.5 
69.9 
72.2 
74.0 


7698 


79.2 
81.5 


83.8 
80.2 
80.5 


14.6 


29.2 
31.6 


90.8 


89.2 


932 


2.4 


98.7102. 5 


| 26 | 27 


2.7 
5-5 
8.2 


11,0 


I 3.7 
16.4 
19.2 
21.9 


24.6 


27.4 
30.1 


32.9 
3 . 

3.4 
41.1 


43-8 
46.6 


49-3 
$2.1 


6] 54.8 


575 
00.3 


93-0 


65.8 


. 68.5 


1 
] 4-0 
70.7 
19:5 
82.2 
84.9 
87.7 
90.4 
9 3-2 


939 
98 G 


3101.4 


28 


2.8 
5˙7 
8. 

11.4 


14.2 
17.0 
19.8 
22.7 
25.6 
28.4 
31.2 


34-1 
36. 

39.8 
42.0 
45 4 
48.3 
51.1 
540 
56.8 
59.6 
02.5 
65.3 
68.2 
71.0 
73-9 
70.7 
19-5 
82.4 
$5.2 
88 © 
90.9 
93 / 
90.6 
99-4 


102.2 
105 1 
104.1 107.9 
105.6110 © 
109 6 112.0 [ 
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TABLE 11”, Giving the approximate height in Engliſh 
feet, adapted to the temperature 31*24 of FAHREN- 
HEIT's thermometer. 


Height Height | | | [Height 

of the | Height. | Diff. | [of the | Height. | Diff. | | of the | Height, | Diff. 

Barom.| Barom. Barom. 

Inch. | Feet. Inch. | Feet. 173. Inch. | Feet, 1975 
— XG 2 4398. %% HT 
3.— 65168 1.8 1050S 30. [19227.5 | 112? 80 [16790.4 | 155 
4+ — [54185 4| 73% 40 [19057.7 | 12951] go [166358] 7546 
5.—148370.8 5 41 50 18889. 2 2 17 00 [16482.1.| 537 
6.— 43619. 9 2 | ©0 8721.5 184 | 10 [16329.2| 7529 
7.— 39603. 1 . 7 70 18555. 0 5 20 6177.3 
8.— 3123.6 3450 || & 18389.6 8 30 6026.2 511 
9.— 3054.4 5069 90 18225. 2 5 40 1586.0 799%? 

| 10,— 30309. 0 2145 || 16.00 1806 1.8183! 50 [157267 | 7493 

11.— 27825.4 2994 10 [17899.4 mt | bo [15578.2 148.5 

12.— 2558.1 2207 20 [177 38.1 bd 70 15430. 6 147.6 

| 13.— 3472.4 2 30 175777 —_ 80 15283. yp 

14.— |21541.3 1208 40 7418.4 22 go [15137.8 146.0] 

' 15.00 19743-5 | 4. 3 17260. 0 5 4118.80 14992 145-2] 


(f) This table bears ſome analogy to the tables of logiſtical: logarithms, being 
nothing more than the differences of the logarithms of the height of the 
barometer from the logarithm of 32 inches multiplied by fix.. I have choſen 
the logarithm of 32 for my. term. of compariſon, that being the greateſt pro- 
bable height that the barometer will ever be ſeen at, even at the bottom of the 
deepeſt mines. Had [ taken the mean height of the quickſilver at the level of 
the ſea, it is true the numbers in the table would have more truly repreſented 
the heights in the atmofphere, correſponding to the given height of the quick- 
ſilver; but then, in computing ſmall depths or heights from the ſurface of the 
ſca, we ſhould have been obliged ſometimes to have changed the ft2ns in the 
operation, which. appeared to me lefs convenient. The mean height of the 
barometer at the level of the fea, from 132 obſervations. in Italy and in Eng- 
tand, is 30.04 inches, the heat of the barometer being 55, and the air 62; 
ſo that the term of compariſon in this table, viz. 32 inches, correſponds to ail 
imaginary point within the earth at 1647 feet below the ſurface of the ſea. 
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TABLE II. continued. 


— _ 


| Height | | 
Height 1 ; g -"bt. | Di 
Height. | Diff. 4 = Height. | Diff. 4 = Height 1 | 
yy bis Inch. "4 g 
Feet. Inch. | Feet. 118.8 100. 
148483 7231] 22.00 9763.0 18˙ 1 4 | 100.6 
147047 +4" 10 9045.8 117.) * ”= 1 99.8 
14561. 9 OD 209527. 71 8 32709 99.7 
144199 444" | 39 | 9410-7] 116.6 o | £111,6 99-3 
142787] 14% 4 942g. 1160 | 4 5012.8 988 
14133.2 50 | 9179.1 115.6 £7 4914.2 | 99%» 
13998.5 4 bo 9062.5 115.1 850 4816.1 95 8 
138 59.5 3” 70 | 3947-4 114.5 o | 4718.3 97 
13721.3 45 80 8832 9 114.0 - 4620.9 97-4 
1358 3.8 36˙8 90 8718.9 113.6 o 4523.9 97.0 
3312 196.x [| 25-02 949201107 4427 * 
310. 2} 30 | 8492-3] 112.627. 330.8 ; 
13175.6 134.5 20 | 8379-7 112.1 = = 95-9 
EE REAR e 
2906, 2111.1 95-2 
123736 : _ 50 | 3044-9 | 110.6 = SD 95-0 
12041.0 5 60 7934˙3 110.2 3 38 54.5 94.5 
D ** 07874. 109.7 70 3760.2 | 945 
12337-0| 130.8 80 7714-4] 109.3 80 | 3666.3 | 939 
12247.2 12 go 7605. 1108.8 o 3572.7 | 93 6 
121172] 12.327 | 14903] 108.3 . 8e 3479-5 | 23 
8 331] 10 7388.0 18.2 2 92 9 
hee + 1-9 128.7 80.1 1:9 10 338 .6 1 
1189.2 8.0 2422 l IE 3294.0 ” 
11731.2 125 39 | 7172.0 107.0 o | 3201.8 | 9* 7 
11603.8| | 26.8 203065. 106.6 — 3109.9 2. 6 
11477.0 ; 6.2 50 | 6959.0 100.1 W 3018.3 91. 
11350. 125.6 60 | 6852.9 105.7 80 2927.0 913 
11225.2 __ | 70 | 6747-2 105.3 o | 2836.1 90.9 
11100.2 * e 80 6641.9 104.9 8 2745.4 90.7 
10975. 8 8 2 90 9537-0 104.4 90 2655.1 90.3 
108 52.1 23. 25.00 | 6432. 104.0 818 90.0 
10728.8 2 10 | 6328.0] 103 6 Re 2475.4 | 397 
0606.2 | 122 | 20 | 0225.0 103.2 o | 2386.0 89.4 
10484.2 122.0 30 6121.8 * £* 2 ory 89.1 
10241.8 ry. 50 5916. 102.0 o | 2119.7 * 
1012142 8 | ba 68174.6 101.6 2 1 88 2 
119 12.0 O 3 5 87.9 
9 119.2 79 5715 291.2 70 | 1943.6 | 
| 9882.4 | 9. 805611 


a. ret 
* . 
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TABLE II. continued. 


— 


—— 
— 
— — 


* 2 — 
— — ſ 7r7¹ — ́ — — — * 
= — ———_ ˙— — ” + 


a — 


= 
— — — — — 2— 4 __ - - - 
— — — — n — — 2 
* 4 . — - 
- . 
— - - — 
Pn — - @ - 
— — 
* 
— — — 
— — 2 


5 
4 
4 
4 
k | 


J 
. 
4 
N 
' | 


e. 
1 
| 
* 
1 

' , : 

| ; 

: Irv 

* 
= 
' : 

1 
1 
1 

f- 
| 
' 
„ 
: 
; : -1 
þ 
Tl i 
| 1 
| 
. \ 
* 
: 
— 
/ 
[ by 
7. 
\ 
5 : 
"4 
| * 
* 


— 


eight! Height | | Height 
of the] Height. Diff. | o& the | Height. | Diff. * the Height. 
Barom. Barom. arom. 
Inch, | Feet. 87.6 Inch. Feet, "Yr | Inch, Feet, 
29.80 | 1856.0 870 |} 30.60 | 1165.7 22 31.49 | 493-2 
90 | 1768.7 878 70 | 1089.7 54" 50 | 410.4 
30.00 | 1681.7 85 7 80 | 999.0 Ke 60 | 327.8 
IO | 4595.0 86.4 90 2. 1.5 84.2 | 70 | 245.4 
20 | 1508.6] 6.2 31.00 27.3] 83.9 80 | 163.4 
30 | 1422.4 86.8 10 743.4 83.7 1 00 81.6 
1236.6] 82 ˙6[[ 20 659.7 8 | 32.00 00.0 
| 1251.0] 5 2 576.31 34[| | 
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TABLE IV. For the expanſion of the air, Or correc. 
tion of the uppermoſt height, ſee p. 576. 


—_—— 
hm ————_ 


Deg. Approximate height in feet. 
© | 10CO.| 2000. | 3000. 4000. 5000, | COPS. | 
| 1 | 24] 49] 7-3] 9-7] 121 146 
tt 1 4-9] 9.7 $4.9, 194 24.3 — 
3 = 7-3] 14-6] 21.9| 29.2| 36.4| 43-7 
"| 4 9.7| 19.4} 29.2 | 38.9| 48.6 58.3 
Tn; 512.1] 24.3] 36.4| 48.6| 60.7 72.9 
13 6 14.6 29.2] 43.7 58.3] 72.8] 87.5 
1 7 17.0] 34.0 51.0 68.0 85.0 102.1 
Wi 8 | 19.4] 38.9 58 3| 77.8 97.1 116.6 
WH +9 21.9] 43.7 65.6] 87.5 109.3 131.2 
| | 10 48.6 72.9 97.2 121.5 1458 
| | 11 53.5 80.2 106.9 133.6 160.4 
. 12 58.3 87.5 116.6 145.8 175.0 
Will. | 7.3 6 63.2] 94-8| 126.4| 157.9 189.5 
q if 14 | 34-0 68.0 102. 1136.1 170.1 204.1 
* 15 | 36.4] 72.9 109.3 145.8 | 182.2| 218,7 
1 16 38 8| 77-8] 116.6| 155.5| 194.3 233.3 
| lt [29 41-3 $2.6 123.9 165.2 206.5 247.9| 
18 | 43-7 87.5 131.2 | 175.0 218.6 262.4 | 
vo | 19 | 46.1| 92.3] 138.5 184.) 230.8 277.0 
1 20 48.6 97.2 145.8] 194.4 2430 = 
| [ „ . 153.1 204. 1 25 5. 1 306.2 
| 1 22 53.5 1069] 160.4 213.8 | 267.3 320.8 | 
1 | 23 559 1118] 167.7| 223.6 279.4 335.3 391.2 447 1 
24 58.3 116.6 175.0 233.3 291 6 349.9 408.2 466.6 524-0 — 
125 60.7 121.5 182.2 243.0 303.7 364 5 425 2 480 O 546-7 
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* 


Approximate height in. feet. 


J 


262.4 


4000 


252.7 


272.2 
281.9 
291 6 
301.3 
311. o 
320.8 


330.5 
340.2 
3499 
359.6 
369 4 
379-1 
388.8 
398 5 
408.2 
418.0 
4277 
437-4 
447-1 
450 8 
466.6 


476.3 


— 


5000. 
| 


| 7000, 


413.1 


486.0 


315.8 
328.0 
340.1 
3523 
304-5 
376.6 
388.8 | 


400.9 | 


425.2 
437˙3 


449-5| 


461.6 


473-8 
486.0 
498.1 
510.3 
522.4 
534-0| 


540.7, 
5588 
571.0 
583.1 
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Table of heights taken by the barometer, &c. 


LC of Corrs, . 
| | Feet, Feet, 
The Lake of Geneva, from 18 obſervations, -— 0 1230 U 
Greateſt depth of the Lake, — — — 393 
Cluſe, at the Croix Blanche, firſt-floor, (50 2, ＋ 351 1581 
nd- floor of the inn near the foot of 
3 1 5 _ — þ+ 2137 3367 
The Montanvert, at the Chateau, 1 — + 5001 623: 
ver ron, at the bottom of the 
"TS, = — = 5+ 066 
' Salenche, at the inn, ſecond- floor, 1 — + 664 1941 
La Bonne-Ville, a la Ville de Geneve, ſecond-floor, x + 245 1475 
Chatlaino, country houſe near Geneva, ground- floor, & + 178 
The ball on the higheſt, or ſouth-weſt, tower of — 4 
Peter's church in Geneva, G — — 49 
St. Joire, in a field at the foot of the Mole, — + 671 1901 
Summit of the Mole, — — — — + 4883 6113 
Pitton, higheſt point of Mont Saleve, 6 — 3284 4514 
The Dole, higheſt ſummit of Mont Jura, 6 — + 4293 5523 
The Buet, 6 — — — — — + 8894 10124 
Aiguille d' Argentiéere, G — — — 112172 13402 
Mont Blanc, 6 _ — — ＋ 14432 15662 
Frangy, at the inn, firſt- floor, below the Lake, — 166 
Aix, a la Ville de Cengne, firſt floor, below the Lake, — 378 
Chambery, au St. Jean Faptiſte, firſt- floor, below the Lake, — 352 
Aiguebelle, at the inn, urſt floor, below the Lake, — 190 
La Chambre, at the inn, firſt- floor, above the Lake, + 337 
St. Michocl, at the inn, firit-floor, — ＋ 1113 2343 
Modane, at the inn, firſt floor, — _ + 2220 3450 


(7) More correctly 1228 feet, but I have taken it at 1230 in round 


numbers. 


(The figures at the end of ſome of the names ſhew the number of obſer- 
vations that wer? made; and the letter 6 indicates ſuch obſervations to have 


been geometrical, 


Table 
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Table of heights, &c. continued. 


&+ or — the Above the 
Lake of Geneva. Mediterrancan, 


Feet. Feet. 
Lannebourg, the foot of Mont Cenis, at the inn, firſt-floor, + 3178 4408 
Mont Cenis, at the Poſt , — — — + 5031 6261 
— at the Grande Croix, — — + 4793 6023 
Novaleſe, the foot of Mont Cenis on che ſide of 11, + 1611 2741 


at the inn, firſt floor, —— — 

Foucholin, on the firſt- floor, — _ + 213 

d. Ambroiſe, on the firſt-floor, below the Lake, — 40 

Turin, a PHotel d' Angleterre, ſecond-floor, 4 — 289 941 
feliſſano, near Aleſſandria, firſt-floor, 1 — — 677 
Picenza, St. Marco, firſt-floor, 1 — — — 967 263 
Parma, au Paon, firſt- floor, 3 — — — 923 307 
Bologna, au Pelerin, firſt- floor, 3 — — $31 399 
Loiano, a little village on the Appenines, — 2591 


Bologna and Florence, — 


The mountain Raticoſa, the higheſt point of the Ap- 
penines the road paſſes over, 14 miles beyond F le. + 1671 2901 


caije in going to Covigliaje, — — 


Florence, nel Corſo dei Tintoxi, 50 feet above = 5 + 240 
Arno, which was 18 feet below the wall of the quay, 3 990 


tin, aux Trois Demoiſelles, ſecond-floor, 4 — — 1228 4544 
Leghorn, chez Muſton, ſecond-floor, 2a — — 1244 + 38 
dena, aux Trois Rois, ſecond-floor, 2 — — 164 1066 
kedicoffani, at the Poſt, firſt- floor, above the Lake, 4 1240 2470 
alla the top of the tower of the old — 18 30 3060 


tion on the ſummit of the rock, — 
Viterbo, aux Trois Rois, firſt- floor, on the — 5 
of the Ancients, gin _ — 3 "AY 
dome, nel Corſo, 61 feet above the Tyber, 7 — 1994 94 


i) The rocks on each ſide the plain, where the poſt-houſe ſtands, are at leaſt 
300 feet higher than this fituation; and it is from the ſnow on the tops, and 
trough the crevices, that the lake on this plain is formed, which gives riſe to 
tic Dora, and may be called one of the ſources of the Po. 


Vo L. LXVII. 4 H Table 


r 
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Table of heights, &c. continued. 


Above the Above the 
River Tyber. Mediterranean, 


Feet, Feet, 


The Level of the river Tyber, _ _ 33 
The top of the Janiculum, near the Villa Spada, — 260 
Aventine Hill, near the Priory of Malta, — m — 117 
In the Forum, near the arch of sEVERVs, where the 
ground is raiſed 231 feet, — — 34 
Palatine Hill, on the floor of the Imperial palace — 133 
Celian Hill, near the cLaupian aqueduct, — 125 
Bottom of the canal of the cLavpian aqueduct, — 175 
Eſquiline Hill, on the floor of St. M. Major's church, 154 
Capitol Hill, on the Weſt- end of the Tarpeian rock, 118 
In the Strada dei Specchi, in the convent of St. Clare, 27 
On the union of the Viminal and Quirinal Hills, in the 
Carthufian's church, DioCLEs. Baths, — * 
Pincian Hill, in the garden of the Villa Medici, — 165 
Top of the croſs of St. Peter's church, — 502 
The baſe of the obeliſk, in the center of the Periſtyle, 31 
The ſummit of the mountain Soracte, lying about 202 | | 
geog. miles N. of Rome, G _ — — 
The ſummit of Monte Velino, one of the Appenines, 
covered with ſnow in June, about 46 geog. miles 8 
N. W. of Rome, and which is probably the higheſt 397 
of the Appenines, 6 — — — 
+ or — tlie 
Lake of Geneve. 
Naples, Caſa Iſolata on the Chiaia, 254 feet — 
the ſea, 5 — Gow a — 597 
Mount Veſuvius, mouth of the Crater from __— 872 
the fire iſſued in 1776, — — 393 
Table 


] Sir WILLIAM HAMILTON informed me, that the height of Veſuvius, 28 
taken by Mr. DE sAussURE of Geneva in 1772, with only a barometer of Mr. 
DE LUC's conſtruction, and according to his rules, was 36 591 French feet = | 
3900 Engliſh, which agrees pretty well with mine. But the Padre DELLA | 


TORRE pretends to have found the height of Veſuvius in 1752 (ſee p. 44 of | 
; bis 


Ns 
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Table of heignts, &c. continued. 


+ or — the Above the 


Lake of Geneva, Mediterranca? + 


Mount Veſuvius, at the baſe of the cone, — wh 2021 
Top of the mountain Somma, — = 3738 
The ſummit of Mount Etna, — hab 1096400 


The following heights are determined from correſponding obſervations by 
Mr. MESSIER at Paris, whoſe barometer is ſuppoſed 108 feet above 
the ſea, | 


paberino di Valdenſa, between Boggebonri and Tavernelle, 974 
Modena, a l' Albergo nuovo, — — 214 
Montmelian, at 20 feet above the river, — — 811 
Vonte Viſo, by an obſervation from Jurin, * _ 5 9997 
accurate, G — = 
lonte Roſa, as meaſured geometrically by the Father 
1 being the ſecond mountain of all the 15084 
PS, —— — — — 
Pat Beauvoiſin, _ — _ — 705 
Latour du Pin, 4 — — — 938 
Jepilliére, — — — — 566 


Ws Hiſtory of this Mountain) = 1677 French feet only, the difference of his 
krometer at the top and at the level of the ſea being no more than 231 French 
Ines = 2.065 Engliſh inches, which was certainly a miſtake of little Jeſs 
fan 2000 feet in the reſult. The Abbe xoLLET in 1749 found the fall of the 
qickfilyer 40 lines = 3.55 inches Engliſh; and, if this obſervation is to be 


wore than 330 feet perpendicular. 

) I have ventured to compute the height of this celebrated mountain from 
M7 own tables, though from an obſervation of Mr. DE saussURE's in 1773, 
duch that gentleman obligingly communicated to me. It will ſerve to ſhew, 
tat this volcano is by no means the higheſt mountain of the old world; and 
"at Veſuvius, placed upon Mount Etna, would not be equal to the height of 


ont Blanc, which latter J take to be the moſt elevated point in Europe, Aſia, 


r Africa, 

The circumference of the viſible horizon on the top of Mount Ætna, allowance 
% . 2 . 5 . . 
ang made for rcefraQion, which I eſtimate at 6“, is 1093 Englith miles. 


4 H 2 Table 


tended upon, the ſummit of this volcano has riſen within theſe 27 years 
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Table of heights, &c. continued. 


Lyons, at the Hotel Blanc, 50 feet above the Sane, 
St. Jean le vieux, — — — 
Cerdon, near the poſt-houſe at the foot of the rocks, 
Nantua, 10 feet above the Lake, — — 
Chatillon, at the Logis Neuf, — — 
Colonges, — — — — 
St. Genis, apparently on a level with the foot of Mont Jura, 
Geneva, at 100 feet above the Lake, 5 — 
Macon, at the Parc, 24 feet above the Sadne — 
Dijon, a la Cloche, the firſt- for, — — 
Mountain of Maraiſelois (*), 43 miles beyond Viteaux } 
towards Dyon, — — ; 
Lucy-le-bois, — — xii a 
Auxerre, 50 feet above the river, — — 
Sens, at the Poſt, — — — 
Fontainbleau, at the Grand Cerf, ſecond- floor, — 


(m) From this compariſon with Mr. MRSSIER's obſervations at Paris, which 
makes the Lake of Geneva only 1168 feet above the level of the ſea (whereas 
from 18 obſervations in Italy, near the ſhore of the. Mediterranean, it appe: 
to be 1228, viz. +60 feet different) I am inclined to believe, that Mr. mss- 
SIER's place of obſervation is about 50 feet higher than I have ſuppoſed it, viz. 
160 feet above the ſea inſtead of 108, as deduced from three obſervations only at 
Boulogne, Calais, and at Dover. If this be allowed, the ſame number of feet 
muſt be added alſo to all the other heights that are determined by compariſon 
with Mr. MEs$1ER's obſervations. I am, however, by no means ſure of this, 
but leave it to future obſervers. 

(n) On one fide of this mountain is a little ſtream called Amangon, that 
joins the Vonne and the Seine, and thus goes to the Atlantic; while on the 
other fide is found the Ouche, which, uniting with the Sadne and the Rhone, 
runs to the Mediterranean: this part of Burgundy then ſeems to be one of 
the higheſt in France, 


5 Table 


Table of the Angles & Sides of the different Triangles : 


Narr Lern. umme C 9 2 * . 7 
brett S x 5 ngle Of 14g of | avove We 
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— ö 26266. 4 | +20. 29 ip | 263.5. 7 3 | 3294. 2 
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floor, e 


Mr. MESSIER'S * at «6 Hotel de 2 


firſt- floor, 


Mr. DE LA LANDE's ditto, at the College Royal, firſt-floor, 


Place of Monſ. le Pere corTEs's obſervations at Mont- 
morency, 10 miles North of Paris, 


Kone-gallery of the Church on Mont Valerien, 
Depth of the cave of the * Gn at Paris 


below the pavement, 


The ſame, according to * DE LA LANDE, wy actual 


meaſurement, 


— 


Prght of the . north tower of the: church 


Chantilly, — 
Clermont, — 


Abbeville, firſt- floor, 


e above the floor, 


Amiens, Rue de Noyon, frt-floor, 


Fog . 


rr height of the eine; that is, qitind [by 
7 trouvent & 13 pieds 9 pouces ſur Fechelle du 
— Royel ſen M. DE TA tanbe, 


Place of my own obſervations _—_ Rue * ſerond- 


— 


4 


of Notre } 


Below the mean 
height of the Seine. 


Boulogne, mean level of the ſea, from one obſerv. only, 


Calais, ditto, from one obſervation, 
Dover, ditto, from three obſervations made two 


preceding thoſe at Calais and Boulogne, 


Mean height of the river (9) Thames at London above 
the mean height of the river Seine from five direct 
compariſons with Mr. MESSIER, 


find conſequently the Thames at London above the ſea,. 
Warwick, mean level of the river Avon, 
Waben dend, in Warwickſhire, 


in order to aſcertifin Be beight of Mountains. 
Table of heights, &c. continued. 
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xx X. An Account of the Bramin's Obſervatory at Benarez; 
By Sir Robert Barker, Kut. F. R. S.; in a Lan i 
Sir John * Bar 7. P, R. S. : | 


SIR, 
Read May 29, } 


. ENARES in the Eaſt Indies, one of the 
1777. 


principal ſeminaries of the Bramins or 
prieſts of the original Gentoos of Hindoſtan, continues 
Rill to be the place of reſort of that ſect of people; 
and there are many publick charities, hoſpitals, and 
pagodas, where ſome thouſands of them now reſide. 
Having frequently heard that the ancient Bramins had a 
knowledge of aſtronomy, and being confirmed i in this by 
their information of an approachin g eclipſe both of the 
Sun and Moon, 1 made inquiry, when at that place in 
the year 1772, among the principal Bramins, to endea- 
vour to get ſome information relative to the manner in 
which they were acquainted of an approaching eclipſe. 
- The moſt intelligent that I could meet with, however, 
gave me but little ſatisfaction. I was told, that theſe 
matters were confined to a few, who were in poſſeſſion 


of certain books and records; ſome containing the myſ- 
— terics 


* 


Sir EY BARKER'S Account, Se. 


599 
teries of their religion, and others the tables of aſtro- 
nomical obſervations, written in the Skanſkirrit lan- 
guage, which few underſtood but themſelves: that they 
would take me to a place which had been conſtructed for 
the purpoſe of making ſuch obſervations as I was in- 
quiring after, and from whence they ſuppoſed the 
learned Bramins made theirs. I was then conducted to an 
ancient building of ſtone, the lower part of which, in its 
preſent ſituation, was converted into a ſtable for horſes, 
and a receptacle for lumber; but, by the number of 
court- yards and apartments, it appeared that it muſt once 
have been an edifice for the uſe of ſome public body of 
people. We entered this building, and went up a ſtair- 
caſe to the top of a part of it, near to the river Ganges, 
that led to a large terrace, where, to my ſurprize and 
ſatis faction, I ſaw a number of inſtruments yet remain- 
ng, in the greateft prefervation, ſtupendouſly large, im- 
moveable from the ſpot, and built of ſtone, ſome of them 
deing upwards of twenty feet in height; and, although 
they are ſaid to have been erected two hundred years 
go, the graquations and diviſions on the ſeveral arcs ap- 
peared as well cut, and as accurately divided, as if they 
had been the performance of a modern artiſt. The exe- 
cution in the conſtruction of theſe inſtruments exhibited 
mathematical exactneſs in the fixing, bearing, and 

fitting 


ſtrument marked A in the firſt plate, whaſe radius i; 


the extremity at the other end, diſtant thirty-eight feet 
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fitting of the ſeveral parts, in the neceſſary and ſufficiey 
ſupports to the very large ſtones that campoſed then 
and in the joining and faſtening each inte the other hy 
means of lead and iron. 

The ſituation of the two large quadrants of the in- 


nine feet two inches, by their being at right angles with 
a gnomon at twenty-five degrees elevation, are thrown 
into ſuch an oblique ſituation as to render them the maſt 
difficult, not only to conſtruct af ſuch a magnitude, but ta 
fecure in their poſition for ſo long a period, and affords a 
ſtriking inftance of the ability of the architect in their 
conſtruction; for, by the ſhadow of the gnoman thrown 
on the quadrants, they do not appear to have altered in 
the leaft from their original pofition; and ſa true is the 
line of the gnomon, that, by applying the eye to a ſmall 


iron ring of an inch diameter at one end, the fight 1s 
carried through three others of the ſame dimenſion to 


eight inches, without obſtruction; fuch is the firmnels 
and art with which this inſtrument has been executed. 
This performance is the more wonderful and extraor- 
dinary when compared with the works of the artificers of 


Hindoſtan at this day, who are not under the immediate 
direction 
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zrection of an European mechanic; but arts appear to 
dave declined equally with ſcience in the Eaſt. | 

Lieutenant-colonel ARCHIBALD CAMPBELL, at that 
ime chief engineer in the Eaſt India Company's ſervice 
it Bengal, a gentleman whoſe abilities do honour to his 
profeſſion, made a perſpective drawing of the whole of 
the apparatus that could be brought within his eye at 
one view; but I lament he could not repreſent ſome very 
large quadrants, whoſe radii were about twenty feet, 
they being on the fide from whence he took his 
drawing. Their deſcription however is, that they 


are exact quarters of circles of different radii, the 


largeſt of which I judged to be twenty feet, conſtructed 
very exactly on the ſides of ſtone walls built perpendi- 
cular, and ſituated, I ſuppoſe, in the meridian of the 
place: a braſs pin is fixed at the center or angle of 
the quadrant, from whence, the Bramin informed me, 
they ſtretched a wire to the circumference when an ob- 
ſervation was to be made; from which it occurred to 
me, the obſerver muſt have moved his eye up or down 
the circumference, by means of a ladder or ſome ſuch 
contrivance, to raiſe and lower himſelf, until he had diſ- 
covered the altitude of any of the heavenly bodies in 
their paſſage over the meridian, ſo expreſſed on the arcs of 
tneſe quadrants : theſe arcs were very exactly divided into 

Vor. LXVII. 41 nine 
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nine large ſections; each of which again into ten, making 
ninety leſſer diviſions or degrees; and thoſe alſo int 
twenty, exprefling three minutes each, of about twe- 
tenths of an inch aſunder; fo that it is probable, they 
had ſome method of dividing even theſe into more mi- 
nute diviſions at the time of obſervation. 

My time would only permit me to take down the par- 
ticular dimenſions of the moſt capital inſtrument, or the 
greater equinoctial Sun-dial, repreſented by figure a, 
plate 12. which appears to be an inſtrument to expreſs 
ſolar time by the ſhadow of a gnomon upon two qua- 
drants, one ſituated to the eaſt, and the other to the weſt 
of it; and indeed the chief part of their inſtruments at this 
place appear to be conſtructed for the ſame purpoſe, ex- 
cept the quadrants, and a braſs inſtrument that will be 
deſcribed hereafter. 

Figure B is another inſtrument for the purpoſe of de- 
termining the exact hour of the day by the ſhadow of a 
gnomon, which ſtands perpendicular to and in the cen- 
ter of a flat circular ſtone, ſupported in an oblique ſitua- 
tion by means of four upright ſtones and a croſs- piece; 
ſo that the ſhadow of the gnomon, which is a perpendi- 
cular iron rod, is thrown upon the diviſions of the circle 
deſcribed on the face of the flat, circular ſtone. 

5 Figure 
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' Figure © is a braſs circle, about two feet diameter, 
noving vertically upon two pivots between two ftorig- 
villas, having an index or hand turning round horizon- 
ally on the center of this circle, which is divided ints 
z60 parts; but there are no counter diviſions on the 
index to ſub-divide thoſe on the circle. This inftrament 
appears to be made for taking the angle of a ſtar at ſet- 
ing or riſing, or for taking the azirauth or amplitude of 
the Sun at riſing or ſetting. 

The uſe of the inſtrument, figure p, I was at a loſs to 
account for. It conſiſts of two circular walls; the outer 
of which is about forty feet diameter, and eight feet 
high; the wall within about half that height, and ap- 
pears intended for a place to ſtand on to obſerve the divi- 
hons on the upper circle of the outer wall, rather than 
for any other purpoſe; and yet both circles are divided 
into 360 degrees, each degree being ſub-divided into 
twenty leſſer diviſions, the ſame as the quadrants. There 
8a door-way to paſs into the inner circle, and a pillar in 
the center, of the ſame height with the lower circle, 
having a hole in it, being the center of both circles, and 
ſeems to be a ſocket for an iron rod to be placed perpen- 
< WF cular into it. The diviſions on theſe, as well as all the 


other inſtruments, will bear a nice examination with a 
© I Pair of compaſſes. 


412 Figure 
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Fi E is a ſmaller equinoctial Sun-dial, conftrudtet 
upon the ſame principle as the large one A. 

I cannot quit this ſubject without obſerving, that the 
Bramins, without the aſſiſtance of optical glaſſes, hal 
nevertheleſs an advantage unexperienced by the ob. 
ſervers of the more Northern climates. The {ſerenity 
and clearneſs of the atmoſphere in the night-time in the 
Eaſt Indies, except at the ſeaſons of changing the mon- 
ſoons or periodical winds, is difficult to expreſs to thoſe 
who have not ſeen it, becauſe we have nothing in com- 
pariſon to form our ideas upon: it is clear to perfection, a 
total quietude ſubſiſts, ſcarcely a cloud to be ſeen; and the 
light of the heavens, by the numerous appearance of 
the ſtars, affords a prof; i both of wonder and con- 
templation. | 

This obſervatory at Benaxes i is aid to ave been built 
by the order of the emperor Ack BAR; for as this wiſe 
prince endeavoured to improve the arts, ſo he wiſhed alſo 
to recover the ſciences of Hindoſtan, and therefore di- 
rected that three ſuch places ſhould be erected; one at 
Delhi, another at Agra, and the third at Benares. 

Some doubts have ariſen with regard to the certainty 
of the ancient Bramins having a knowledge in aſtro- 
nomy, and whether the Perſians might not have intro- 


duced it into Hindoſtan when conquered by that people; 
but 
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put theſe doubts I think muſt vaniſh, when we know 
that the preſent Bramins pronounce, from the records 
and tables which have been handed down to them by 
their forefathers, the approach of the eclipſes of the Sun 
and Moon, and regularly as they advance give timely in- 
formation to the emperor and the princes in whoſe do- 
minion they reſide. There are yet ſome remains in evi- 
dence of their being at one time in poſſeſſion of this 
ſcience. The ſigns of the zodiac, in ſome of their 
Choultrys on the coaſt of Coromandel, as remarked by 


JOHN CALL, eſq. F. R. s. in his letter to the Aftronomer 
Royal, requires little other confirmation. Mr. caLL ſays, 
that as he was laying on his back, reſting himſelf in the 
heat of the day, in a Choultry at Verdapetah in the Ma- 
dura country, near Cape Commorin, he diſcovered the 
ſigns of the zodiac on the cieling of the Choultry : that 
he found one, equally compleat, which was on the ciel- 
ing of a temple, in the middle of a Tank before the pa- 
goda Teppecolum near Mindurah; and that he had often 
met with ſeveral parts in detached pieces. See Philoſ. 
Tranſ. 1772, p. 353. Theſe buildings and temples were 
the places of reſidence and worſhip of the original Bramins, 
and bear the marks of great antiquity, having perhaps 
been built before the Perſian conqueſt. Befides, when 


we know that the manners and cuſton:s of the Gentoo 
religion 
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religion are ſuch as to preclude them from admitting 
the ſmalleſt innovation in their inſtitutions; when we 
alſo know that their faſhion in dreſs, and the mode of 
their living, have not received the leaſt variation from 
the earlieſt account we have of them; it cannot be ſup. 
poſed they would engrave the ſymbolical figures of the 
Perſian aſtronomy in their ſacred temples; the figns of 
the zodiac muſt therefore have originated with them, if 
we credit their tradition of the purity of their * 
and cuſtoms. 

Mr. FRASER, in | His Hiſtory of the Mogul Emperors, 
ſpeaking of time ſays, © the Lunar year they reckon 
6 354 days, 22 gurris, I pull; the Solar year they 
& reckon 365 days, I5 gurris, 30 pulls, 2 27 peels; 60 
ce peels making 1 pull, 60 pulls x gurri, and 60 gurris 
4 x day. This is according to the Bramins or Indian 
« prieſts, and what the Moguls and other Mahomme- 
dans in India chiefly go by.” 

Thus far Mr. FRASER; and it ſerves to ſtrengthen the 
argument for ſuppoſing that the Bramins had a know- 
ledge of aſtronomy before the introduction of Maho- 
metaniſm into Hindoſtan. 


Dimenſions 


ö 
ö 
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pimenſions of the larger equinoctial Sun-dial, plates 
I 3. and 14. 


Feet. In. 


Length of the gnomon at the baſe 35, 
oblique length of the gnomon cc, 


38 


Radius of the quadrants a a, — — 9. 2 
Height of the gnomon at d, — — 22 2 
Breadth of the quadrants //, — — 5 10 
Thickneſs gg, — — — 1 * 


Breadth of the gnomon 5, — 
Whole extent of the inſtrument 77, — 37 
Latitude of the place taken by double altitude 2 5˙ 10/. 


Lam, &c. 
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XXXI. A bort Account of Dr. Maty's Illneſs, and of thy 
appearan ces in the dead Body, which was examined n 
the 3d of July, 1776, the Day after bis Deceaſe. By 
Dr. Hunter and Mr. Henry Watſon, FF. R. S. 


Read May 1, 
1777. 


BO UT two weeks before he died, he 
was taken with a fit of violent oppreſ- 
ſive pain, juſt above the pit of the ſtomach, which made 
him feel as if he was very near dying. He was bled, 
and gradually recovered; yet ſo imperfectly, that any 
motion of his body, or any preſſure upon that part with 
the point of a finger, inſtantly brought on ſuch oppreſ- 
ſive pain, that he was convinced the leaſt addition to what 
he had ſeveral times felt, muſt have put an end to his 
life. He had an idea that there raight be a collection of 
matter behind the ſternum, which might be . 
by ſome chirurgical operation. 
Upon examining the part, which with the whole 
body was very much emaciated, there was no protruſion 


or diſcolouration. All thoughts of making any perfora- 
tion were laid aſide; and it was thought probable, that 


there was ſome inflammation or adheſion of the pericar- 
dium 
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Dr. HUNTER and Mr. WATSON's Account, &c. 609 


dium, or of the heart itſelf, at its anterior part, juſt above 
the diaphragm. His cough was almoſt inceſſant in the 
night ſince he had left off the uſe of opium, to which he 
had been long accuſtomed. For ſeven or eight years, he 
ſaid, he believed he might have had twenty purging 
ſtools in every twenty-four hours, from a complaint in 
his bowels, the principal ſeat of which he pointed out ſo 
exactly in his emaciated ſtate, that it was obſerved at the 
time it muſt be in the colon, where it paſſes down on the 
outſide of the lower end of the left kidney. It was there- 
fore thought probable that there was contraction with 
internal ulceration of the gut at that place: and about 
three years ago, with this complaint, which always con- 
tinued in his bowels and left fade, he had a fiſtula in ano, 
for which he was cut, and thereby cured of that diſorder; 
but from that time, he was always ſenſible that the 
lower part of the rectum remained in an awkward, un- 
aaſy ſtate, ſo that it was difficult and painful to paſs a 
W common gliſter-pipe into it. 


His medical friends were of opinion, that no more 
could be done for him than to palliate, and to procure 
eaſe and ſleep. He returned to his opium, of which he 
book one grain twice a day; and at times was thereby 
much relieved and comforted. 
Vo L. LXVII. 4 K 
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The heart and lungs were examined with great care, 
but there was hardly any appearance of diſorder in either 
contrary to what was expected. 

The conjecture that had been formed about the com. 
plaint in the bowels proved to be perfectly juſt. Thy 
ſmall inteſtines were apparently pretty ſound; the cæcum 
and beginning of the colon were much diſtended with 
air, but not inflamed. The arch, or tranſvei ſe turn of 
the colon, was likewiſe much diſtended, and its blood. 
veſſels were ſo loaded, that there was, at firſt ſight, the 
outward appearance of an internal inflammation. The 
enlarged part of the colon terminated at the lower end of 
the left kidney, where there was an annular ſtricture on 
the outſide of the gut, and there the gut felt hard ani 
fleſhy. The enlarged part betng ſlit up, was much in- 
flamed and ſuperficially ulcerated on the infide, and 
more in proportion towards the lower end. At the ſtric- 
ture there was but a very ſmall paſſage left, winding ir: 
regularly through an inch and an half of hard ulcerated 
gut. Below this, where the colon paſſes over the pſoas 
and iliac veſſels, it was in its natural ſtate; but the rectum 
had been at ſome former time very much diſeaſed, and 
tor a finger's length to within two inches of the amis 
was contracted to almoſt a gooſe-quill ſize, and of a livid 


colour. The lower two-inches were not ſo much con- 
tracted, 


of Dr. Marr's Jaft Ilineſs, &c. 611 
are tracted, but of the ſame livid colour, and the ſurface of 
her the gut there was almoſt as unequal as the faſciculated 
ſurfaces in the heart; the effect, probably, of univ erſal 
ulceration there, which had been a part of, or a compa- 
nion to, the fiſtula, of which he had been cured by the 
operation; for, on that part, the villous coat of the in- 
teſtine was deſtroyed. 


TO this account, more particularly of the two laſt 
weeks of Dr. MATY's illneſs, and of the appearances upon 
opening the body, as drawn up by Dr. HUNTER, I ſhall 
beg leave to add the few following remarks. 

The heart and lungs were indeed neither of them 
eſſentially diſeaſed; yet there was a whitiſh ſpot, about 
the breadth of a ſix-pence, upon the right ventricle of 
the heart, near its apex; a rough border on the left ſide 
of the diaphragm, as if the lungs had been glued to that 
part and torn off again; a partial adheſion of the lungs 
to the pleura; and a little purulent fluid within the pert- 
cardium. Certainly theſe were ſome ſigns of a flight in- 
flammation having attacked the membranes inveſting 
the contents of the thorax. Neither can we ſuppoſe ſuch 
4ppearances to have exiſted without occaſioning tome 
uneaſineſs: they were, perhaps, ſufficient to account for 
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612 Dr. HuN TER and My, watson's Account 
that great tenderneſs and oppreſſive pain which the 
1 doctor felt from the leaft preff ure on the ſternum, of 
| upon any part of the breaſt near it. 

| The principal ſeat of the diſeaſe which proved ſo te. 
| dious, and in the end ſo fatal, was, no doubt, confined ty 
| the colon only; and it was entirely within the-gut. The 
part firſt affected muſt have been that portion of the 
| i canal in which we obſerved the moſt miſchief. The ſu- 
perficial extent of the diſeaſe over ſo large a ſurface as 
the whole arch of the colon, and the more formidable 
appearance of it, in only a few inches of the ſame gut, 
It | diſtinguiſhed the part where the diſeaſe firſt began, and 

where it muſt have had its longeſt duration. 

The cauſe of all this miſchief was conjectural with 
Dr. Marv himſelf. Had it ariſen, as he ſuſpected, from 
having bruiſed his fide with the hilt of his ſword, we 
then ſhould have found the gut injured from without 
inwards. But is it not moſt likely, that a little bit of 
'bone, the ſtone of fruit, ſome ſharp or hard body, in 
paſſing, had injured the gut ſo much, as to lay a founda- 
| tion for all the growing complaints? Nearly the ſame 
appearances have been obſerved in the cefophagus from 
only a hard cruſt of bread lodging for a time in the pat- 
fage; which, after being forced down, was ſucceeded by 


great ſoreneſs, inflammation, ulceration, and at lengtÞ 
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of Dr. xx TTW in Inefs, &c. 613 
© complete an obſtruction, as to occaſion the death of the 
patient; of which I once ſaw a very deplorable inſtance. 

The ulcerated inteſtine is a diſeaſe generally, as in the 
caſe before us, flow in its progreſs, but certainly fatal. 
An accumulation of acrid matter, confined air, ſolid in- 
geſta, in ſhort any thing capable of ſtretching, irritating, 
or hardening the gut, will ſpread and increaſe the diſeaſe. 


The faſciculated appearance in the rectum is what I 
have once met with in a very ſound gut, where the vil- 
lous coat was not in the leaſt injured; it is therefore 
ſometimes an original conformation, but apparently un- 
neceflary, as the gut, we may preſume, would perform 
its office much more agreeably without it. 
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XXXII. An Account of ſome Experiments made with ay 
Atr-pump on Mr. Smeaton's Principle; together with 
| ſome Experiments with a common Air-pump, By Mr, 


| 

l Read June 12 1 

| S the following experiments were made 
| 1777. 


principally to try the performance of 
Mr. SMEATON's pear-gage, it may be proper to deſcribe 
it, which I ſhall do in his own words, taken from the 
Phil. Tranſ. for the years 1751 and 175 2, vol. XLVIl 
P- 420. 

IJ have found,” ſays Mr. SMEATON, “ the gages that 
«© have been hitherto made uſe of, for meaſuring the 
<« expanſion of the air, very unfit to determine in an e. 
F; « periment of ſo much nicety; I have therefore con- 
« trived one of a different ſort, which meaſures the ex- 
4 „ panſion with certainty to much leſs than the 1 oo 
} « part of the whole. It conſiſts of a bulb of glaſs, ſome- 
4 thing in the ſhape of a pear, and ſufficient to hold 
«6 about 


Mr. NAIRNE'S Account, &c. 615 
« about half a pound of quickſilver: it is open at one 
« end, and at the other is a tube, hermetically cloſed 
« at the top. By the help of a nice pair of ſcales I found 
« what proportion of weight a column of quickſilver, of 
« certain length, contained in the tube, bore to that 
« which filled the whole veſſel: by theſe means I was 
enabled to mark diviſions upon the tube anſwering to 
« loooth part of the whole capacity; which being 
about one-tenth of an inch each, may, by eſtimation, 
« be eaſily ſub-divided into ſmaller parts. This gage, 
„during the exhauſting of the receiver, is ſuſpended 
« therein by a ſlip wire. When the pump is worked as 
much as ſhall be thought neceſſary, the gage is puſhed 
down till the open end is immerged in a ciſtern of 
«* quick ſilver placed underneath; the air being then let 
* in, the quickſilver will be driven into the gage till the 
* air remaining in it becomes of the ſame denfity with 
* the external, and as the air always takes the higheſt 
* Place, the tube being uppermoR, the expanſion will be. 
* determined by the number of diviſions occupied by 
the air at the top. 

The degree to which I have been able to rarity the 
air in an experiment, has generally been about 1000 
times, when the pump is put clean together; but the 
«© moiſture 
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« moiſture that adheres to the inſide of the barrel a3 


« yell as other internal parts, upon letting in the air, i; 
& in the ſame ſucceeding trials worked together with the 
« ojl, which ſoon renders it ſo clammy as to obſtruq 
c the actions of the pump upon a fluid ſo ſubtil as the 
&« air when ſo much expanded; but in this caſe it ſeldom 
&« fails to act upon the air in the receiver till it is ex- 
“ panded 500 times.“ Thus far Mr. $MEATON's ac- 
count. 

The pump with which the chief of the following ex- 
periments were made, had the leather of its piſton ſoaked 
in oil and tallow (and oil in the barrel) and every pre- 
caution was taken that no water ſhould get into the 
working parts of the pump, except what might ariſe in 
vapour from the ſubſtances which were under the 
receiver. 


TL IPERIMEMWT 1. 


Having provided a pear-gage agreeable to Mr. $ME4- 
ToN's deſcription, on which the ſpace of a 40ooth part 


of the whole capacity was two-tenths of an inch; th!s 


gage, together with a glaſs cup which ſerved as a ciſtern 
to 


ſu 
Va 
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ſome Experiments made with an Air-pump. 617 
o hold the quickſilver for it, was put under a receiver; 
Thich receiver was placed on a leather ſoaked in oil and 
ullow, on the plate of the pump. 

1 muſt obſerve here, that the foot of the glaſs cup, 
which held the quickſilver for the pear-gage, being 
broken off by an accident, another foot, made of a piece 
of box-wood, was cemented to it. The reaſon of men- 


appear in the fixth experiment. The pump was then 
worked, and the pear-gage was puſhed down till its 


the air being then let into the receiver, it forced the 
quickſilver into the gage till it was filled within a 400oth 
part of the whole, ſo that by this gage the pump ap- 
peared to have expanded the air 4000 times. To what 
it might be owing that this pump, which was on Mr. 
MEATON's Principle, ſhould expand the air 4000 times 
Inſtead of only 1000 as Mr. SMEATON's, I could not even 
ſurmiſe, 


Having the pleaſure of knowing Mr. SMEATON, and 


being well acquainted with his great abilities in practice 
8 well as theory, I could not imagine that this apparent 
ſuperiority could proceed from our having executed the 
farious parts of the pump in a more perfect manner than 

Vo L. LXVII. 4 L he 


toning this circumſtance, which may ſeem trifling, will 


open end was immerſed in the quickſilver in the cup: 


618 
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he had done. 
tainty, to ſee if the fault might not be in the gages; and 
for that purpoſe I repeated the experiment with the 
ſyphon-gage, and both the long and ſhort barometer. 


I therefore determined, for greater cer. 


gages, and found that the ſeveral degrees of exhauſtion 
indicated by theſe, were very different from that which 


the pear-gage had indicated: no concluſion, therefore, 


could be drawn from this experiment. 

determined next to compare again this pear-gage 
with the long and ſhort barometer-gages with all the ac- 
curacy I was maſter of: and firſt, left the tubes of theſe 
barometer-gages might not be perfectly clean and free 
from moiſture, I had ſome tubes made at the glaſs houſe; 
and as ſoon as they were brought home, which wa 
within an hour after they were made, two of them, which 
were of the ſame ſize, were filled with diftilled quickſi- 
ver; and then the quickſilver was carefully boiled in the 
tubes the whole length, which was about thirty-ſix inches: 
I then cut off about fix inches from the ſealed end of one 
of the tubes, and took care to keep it perfectly full of the 
boiled quickſilver; it was then inverted into a glaſs ciſter} 
containing boiled quickſilver; and a piece of very thin 
ivory, about half an inch in length, with diviſions on its 


edge, was put over the tube, ſo as to float on the furtac 
of 


ſame Experiments made with an Air-pump. 619 


of the quickſilver in the ciſtern, by which means the dif- 
ference of the two ſurfaces could be ſeen to a great nicety. 
This kind of gage is called the ſhort barometer-gage. 

The other tube, which was cut off to thirty-three 
inches, being perfectly full of the boiled quickſilver, was 
alſo carefully inverted into a glaſs ciſtern containing 
boiled quuckfilver, to ſuch a depth that from the ſurface 
of the quickſilver in the ciſtern to the top of the tube was 
twenty-nine inches; this had likewiſe a piece of ivory, 
with diviſions on it, put over the tube, ſo as to float on 
the ſurface of the quick filver in the ciſtern, in the ſame 
manner as the other. 

This long tube and the ſhort barometer-gage being 
put both of them at the ſame time under the receiver, 
which was carefully cemented to the plate of the pump; 
the pump was then worked for ten minutes, and the ſur- 
face of the quickfilver in both the tubes came down very 
nearly to within one-twentieth or five hundredth parts of 
an inch of the ſurface of the quickfilver in their reſpec- 
tive ciſterns. 

The air was then let in, and the receiver being taken 
from the pump, the long tube was raiſed up ſo far in the 
ciſtern as to let the quickſilver come down from the top 
ot the tube, ſo that it now became a common barometer, 
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620 Mr. NAIRNE's Account of 
and its height from the ſurface of the quickfilver in the 
ciſtern meaſured thirty inches; which agreed exactly 
with an open ciſtern-barometer I had in the room. The 
quickſilver in the tube of this barometer was alfo boiled, 
and the meaſure the ſame. 

The quickſilver was then emptied out of this long 
tube, and the ſealed end being cut off, it was then ce- 
mented to a piece of braſs, by which means it was ſcrewed 
to the air-pump; and the lower end being immerſed in a 
cup of boiled quickſilver, it then made that kind of gage 
where the air is taken from the top of the tube, and 
which is called the long barometer-gage. This gage 
being fixed to the pump, and the ſhort barometer-gage 
put on the plate of the pump under a receiver, the re- 
ceiver was cemented to the plate of the pump, and the 
pump worked for ten minutes as before. The quickſil- 
ver in the ſhort barometer-gage fell now nearly to within 
one-twentieth or five hundredth parts of an inch of that 
in the ciſtern, and the quick ſilver in the long gage roſe 
nearly to within a twentieth or five hundredth parts of an 
inch of the height it was at when it was made as a com- 
mon barometer. | 

Gages made with theſe precautions ſeem to me to be 


the moſt to be depended upon, in determining the actual 
diminution 
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aäminution of the preſſure on the ſurface of the quick- 
Glyer in the tube of the long gage, and alſo on the ſur- 
face of the quickſilver in the ciſtern of the ſhort gage. 
But of theſe two gages the long barometer-gage was 
chiefly uſed in the following experiments, as being fixed 
to the pump: however, having now made theſe two 
rages with as much accuracy as I was maſter of, and 
finding that they agreed pretty nearly, I proceeded to 
repeat my firſt experiment. 


REP REMEN TT I. 


put the ſhort barometer-gage, and the pear-gage 
vith the glaſs cup having a wooden foot, both toge- 
ther under the receiver, which receiver was placed on a 
leather ſoaked in oil and tallow on the plate of the 
pump; the pump was then worked for ten minutes, and 
tie quick filver was brought down in the ſhort barome- 
ter- gage to about one-tenth of an inch of the ſurface of 
the quick ſilver in the ciſtern, and roſe in the long baro- 
meter-gage to within one-tenth of an inch of the height 
of the quick ſilver in my ſtandard barometer, which was 


it that time at thirty inches; by which it appeared, that 
the 


| 
| 
. 
| 
| 


4 turned back again into water on reſtoring the pret- 
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the preſſure on the ſurface of the quickſilver in the 
ciſtern, and in the tube of the long barometer-gage, waz 
diminiſhed to about a three-hundredth part: the pear. 
gage being now puſhed down till its open end was im. 
merſed under the ſurface of the quickſilver in the cuy, 
the air was then let in, and the pump appeared by that 
gage to have exhauſted all but a fix thouſandth part of 
the air; or, in other words, the degree of exhauſtion by 
this gage appeared to be ſix thouſand times. 

Finding ſtill this diſagreement between the pear-gage 
and the other gages, I tried a variety of experiments; but 
none of them appeared to me ſatisfactory, till one day in 
April 1776, ſhewing an experiment with one of theſe 
pumps to the honourable HENRY CAVENDISH, Mr, 
SMEATON, and ſeveral other gentlemen of the Royal 
Society, when the two gages differed ſome thouſand 
times from one another, Mr. CAVENDISH accounted for 
it in the following manner. It appeared,” he ſaid, 
& trom ſome experiments of his father's, Lord CHARLES 
© CAVENDISH, that water, whenever the preſſure of the 
* atmoſphere on it is diminiſhed to a certain degree, 15 
“ immediately turned into vapour, and is as immediate!} 


* ture. This degree of preſſure is different according to 
the heat of the water: when the heat is 7 2? of Fal- 


„ RENHEIT: 
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a. RENHEIT's ſcale, it turns into vapour as ſoon as the 
« preſſure is no greater than that of three quarters of an 
« inch of quickſilver, or about one-fortieth of the uſual 
« prefſure of the atmoſphere; but when the heat is only 
« 41*, the preflure muſt be reduced to that of a quarter 
«.of an inch of quickſilver before the water turns into 
4 vapour. It is true, that water expoſed to the open air 
« will evaporate at any heat, and with any preſſure of: 


« the atmoſphere; but that evaporation is intirely owin g 
to the action of the air upon it: whereas the evapora- 
tion here ſpoken of is performed without any aſſiſtance 


from the air. Hence it follows, that when the receiver 
« is exhauſted to the above-mentioned degree, the moiſ- 
© ture. adhering, to the different parts of the machine. 
* will turn into vapour and ſupply the place of the air, 
& which is continually drawn. away by the working of. 
the pump, ſo that the fluid in the pear-gage, as well as. 
that in the receiver, will conſiſt in good meaſure of va- 
* pour. Now letting the air into the receiver, all the. 
vapour within the pear-gage will be reduced to water, 


and only the real air will remain uncondenſed; conſe- 


0 quently the pear-gage ſhews only how much real air 


is left in the receiver, and not how much the preſſure 


* Or ſpring of the included fluid is diminiſhed, whereas, 


«&+the:, 
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ce the common gages ſhew how much the preſſure of 
« the included fluid is diminiſhed, and that equally 
cc whether it conſiſt of air or of vapour.” 

Mr. CAVENDISH having explained ſo ſatisfactorily the 


cauſe of the diſagreement between the two gages, I con. 
ſidered, that, if I were to avoid moiſture as much as poſſi 
ble, the two gages ſhould nearly agree: this induced 
me to make the following experiment. 


EXPERIMENT IN 


— o ww ww a ere 5 = TY 


The plate of the pump being made as clean and x 
dry as poſſible, there was then put on it the before- 
mentioned ſhort barometer-gage, alſo the pear- gage 
with a ciſtern entirely of glaſs which held the quick - 
ſilver; they were then covered with a receiver, round 
the outſide of which was laid a cement which per- 
fectly excluded the outward air; every part, before it 
was put under the receiver, as well as the receiver itſelf, 
being made as clean and as free from moiſture as poſſi- 
ble'”. The pump was then worked for ten minutes, 


+ wXAawaa ps | pos 


& | (a) It may be proper here to take notice, that the pump in every experiment 
hereafter mentioned was worked ten minutes, and the ſame receiver continued 
cemented to the pump-plate, except where it is otherwiſe mentioned, The top 
part of this receiver was made to open, in order to put in different things. 


3 and 
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and the barometer-gages indicated a degree of exhauſtion | 
nearly 600; the air was then. let into the receiver, the 
pear-gage indicated a degree of exhauſtion, but very 
little more than 600 alſo. The near agreement of the 
pear- gage with the barometer-gages in this laſt experi- 
ment, in which I had been ſo careful to exclude the 
moiſture as much as poſſible, ſeemed to prove beyond a 
doubt, that their diſagreeing in the firft and ſecond ex- 
periments muſt have been owing (as Mr. CAvENDIsH ſup- 
poſed) to the moiſture which in them had not been ſo 
carefully excluded. But I began now to ſuſpect alſo, that 
there might ariſe a vapour from ſome moiſture that 
might be contained in the leather ſoaked in oil and tal- 
low, or in the wooden foot -which was cemented to the 
glaſs cup, both uſed in the firſt and ſecond experiments: 
theſe ſuſpicions induced me to try the following experi- 
ments, 


EXPERIMEN T IV. 


A piece of leather dreſſed in allum, known by the 
name of white ſheep-ſkin, of about four inches diame- 
ter, which had been ſoaked in oil and tallow about a year 
0 (ſuch as was uſed to place the receiver on in the firſt 
and ſecond experiments) was put into the receiver; the 

VoL. LXVII. 4 M pump 
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pump was then worked, and the barometer-gage indi. 20,C 
cated a degree of exhauſtion of nearly 300; but on the liffe 
admiſſion of the air the pear- gage indicated a degree of haps 
exhauſtion of 4000, 


EF ERIMENT V6 


The piece of leather being taken out, the pump Wa; 
then worked, and the degree of exhauſtion appeared by 
both the barometer and pear-gages to be about 600, az 
in the third experiment, 


EXPERIMENT VI. 


A cylinder made of a piece of box wood (which I had 4 
kept by me for more than a year) one inch in diameter 
and three inches in length, was put into the receiver A 
(this piece of wood was of the ſame kind as that which 4 
was cemented to the foot of the glaſs cup uſed in the firit aue 
and ſecond experiments) the pump was then worked, hs 


and the degree of exhauſtion appeared by the barometer- 
gage to be 3oo, but by the pear-gage 16,000. 

Theſe experiments have often been repeated, but the 
reſult was ſeldom the ſame. When leather ſoaked in oil 
and tallow has been put into the receiver, the pear-gage 
has ſometimes indicated a degree of exhauſtion of 

20,000; 
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10,000, and ſometimes no more than 500; it likewiſe 
WE iffers very much with the box wood, which may per- 
haps be owing to different degrees of heat and moiſture. 
From theſe experiments it 1s evident, that there ariſes 
n elaſtic vapour from the leather dreſſed in allum and 
vaked in oil and tallow, and allo from the piece of box 
wood, when the weight of the atmoſphere has been 
partly taken off by the action of the pump; and that this 
rapour preſſes upon the ſurface of the quick filver in the 
tube of the long barometer-gage, and of that in the ciſ- 
tern of the ſhort one; and that, conſequently, the teſti- 
mony of both theſe gages muſt be influenced by this 
vapour, as well as by the ſmall remainder of common 
air: but as it 1s the nature of the pear-gage not to give 


ts teſtimony till the remaining air contained in it is 
preſſed, ſo as to become of the ſame denſity of the atmo- 
ſphere; and as this vapour cannot ſubſiſt in the form of 
vapour under that preſſure, this gage is not at all in- 


fluenced by it, but indicates the remaining quantity of 


permanent air only. 

Seeing thus what a conſiderable quantity of vapour 
aroſe from the compound of leather, allum, oil, and tal- 
low, my next object was to find out from which of thoſe 
lubſtances it chiefly aroſe; how far I have ſucceeded will 
appear by the following experiments. 

4 M 2 Sub- | 
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| Weight Degree of exhauc. 


S put tion according to 
Subſtances put into the receiver. into the |- A Gul 
receiver. | Barom.. | 
gage. 
EXP, VII. Tallow, : A _ 2 ounces 431 l NP 
EXP, vin. Oil, — — 2 ounces | 377 | tl 
EXP, IX. Allum, — \ 2 eunces 378 | { 
xy. x. A piece of leather as -it came dom the VB | 
leather ſellers, — — —— 20 | 
| 


in the ſame two ounces of tallow and oil 
melted together, — — 


EXP, xi. The fame piece of leather Fri 


1432 
1 [ 


From theſe experiments it appears, that the elaſtic 
vapour which cauſed ſo great a difference in the teſti- 
mony of the gages, aroſe principally from the leather, 
and but little from the tallow, oil, or allum: it even ap- 
pears by the tenth experiment, that it came from the 
leather, and ſupplied the place of the exhauſted air ſo 
faſt, that I could not (at leaſt in the ten minutes) make 
the barometer-gage indicate a degree of exhauſtion of 
of more than 159. 

To determine whether it was the moiſture in the lea- 
ther from which the vapour aroſe, I made the following 
experiments. 


— ee — = 


Fir 
Sub- 
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prived of, 


the hot water. 


TEEPERIMENT . 


The ſame piece of leather uſed in the eleventh expe- 


Weight [Degrees of exhauſ- Variation in 
when put | tion according to weight 
Subſtances put into the receiver. | into the — — during the 
receiver. Barom. Pear - experiments. 
gage. gage. | 
Mp. XII. A piece of white lea 3 | 
ther, freſh from the leather- þ 100 grains] 134 | 100,000|loft 2 grains. 
ſellers, —_ _ 1 Es | 
1b. XIII. The. ſame piece of \| x _ | 
leather, dried by the fire till . ; . 
it would loſe = more of Y „ * 
weight,. — — | 
Nr. XIV. The ſame piece of | 
leather held in the ſteam of 
hot water till it had regained. ? 100 grains 147 100,000 [loft 2 grains. 
the 20 grains it had been de- | | | 
a | | 


In this laſt experiment it was full three quarters of an 
hour before the leather regained the twenty grains of 
weight, although it was held very near the ſurface of 


Whenever I have aſſerted, that the degree of exhauſ- 
tion, according to the pear-gage, was ſo great as 100,000, 
only gueſſed it to be thereabouts, for my gage is not 
graduated to more than 4000; but, that it may be ſeen 
what reaſon I had to ſuppoſe it at 100,000, I have 
brought my pear-gage filled in this laſt experiment, for 
the inſpection of the gentlemen preſent.. 


iiment was put into a damp cellar, where it was left till 


the 


— — — — — — — 
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the next day; it was then put again into the receiver, 
and the degreeof exhauſtion, according to the barometer. 
gage, was 300, and according to the pear-gage 3500. 
Being now perfectly ſatisfied that the variation in the 
teſtimony of the pear and barometer-gages was occa- 
ſioned by the moiſture contained in the ſubſtances I had 
put into the receiver aſſuming the form of vapour; 
determined next to try what would be the effect of the 
vapour which might ariſe from ſmall quantities of dif- 


terent fluids, and from ſome other ſubſtances containing 
moiſture of various kinds, 
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Weight Degree of exhauſt-| Change in 
when put | ing according to weight 
Subſtances put into the receiver. in. A. — | during the 
| ' Barom. Pear- experiment, 
gage, gage. 
Exp. XVI. oe! in a —_—— 3 grains] 148 24,0CO |loſt 14 grain, 
EXP, XVii, Water in a glaſs cu A 
e too inches, fat P | LOOgralr. s 89 8000 32 2 grains. 
EXP. XVIII. Spirit of wine in ; ; 
the * _ 3 100 grains 54 6000 loſt 9 grails, 
EXP. xix. Vitriolicacid, — 1100 grains 340 220 gained 1 gr. 
EXP. xx. A piece of the inſide 
of a china orange with ome | 100 grains | 160 | 100,000 loſt 21 gr. 
of the rind, — | 
"ou 3 of ok _ ioo grains 160 100,000 loſt 14 grain. 
EXP. xxII. A piece of tainted beef, 100 grains 152 100,000 [loſt 21 grs. 
EXP, xxIII. A piece of freſh beef, 100 grains | 136 100,000 [loft 21 grs. 
EXP. XXLV. Spirit of turpentine, LOO grains 301 1800 [loſt 2 grains, 
EXP, XXV. Pearl-aſh, — 2 ounces. 118 5000 
EXP, XXVI. The frng pe] | 8 | 
made very hot, — | 19 420 
EXP. XXVII. A lighted candle 
held 1 in the receiver till ir eat | | 297 1800 
Out, — — 4 \ } 


Sub- 
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| Weight Degrees of exhauft-] Change in 
| : when put | ing according to weight 
gubſtances put into the receiver.] in, — E—_—_ during the 
Barom. | Pear- | experiment. 
gage. gage. 
* xxvIII. A piece of charcoal, | 129 1800 
Up. xxIx. The receiver heated. 


by holding ſeveral pieces of | | 
lighted charcoal in it, and 
then the above piece being $| 650 600 

thoroughly lighted was put | 
into the receiver, and the | 
pump worked, 1 | 


xxP, xxx, Camphire, — 1oo grains] 304. _ 12 barely 


b. xxx l. Sulphur made to — | Z a grain. 
on a piece of braſs, | [ 24] | 320 


— 


Obſerving by theſe experiments that the ſmall quan- 
tity of moiſture which exhaled from the ſubſtances un- 
der the receiver prevented the pump from exhauſting it 
to any very confiderable degree, I began to ſuſpect that 
hene ver wet leather had been uſed to connect the re- 
ceiver with the plate, there muſt have riſen ſo great a 
quantity of vapour as to have prevented the degree of 
exhauſtion from being near ſo great as in ſome of the 
foregoing inſtances. Theſe ſuſpicions induced me to 
make the following experiments, 


EXP. 


— * —— — —  — „ Ä ——_ _—_—_ — 
— — — ——— —__p_m_O__ . — 
— - 
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Degrees of exhauc. Ml ab! 


tion according to 
1 AY \ 


EXP, xxxII. The receiver was taken off, and after the 1 
cement was wiped clean from it, and every part made 
perfectly dry, it was put again on the pump-plate, 
and a little oil only was poured round the outſide edge, 

EXP, xxxIII. The receiver was taken off again, and in- | 


ſtead of the oil it was ſet on a piece of leather, 
which had been ſoaked two days in water, — 
EXP. xxxiv. The laſt experiment repeated with the 
ſame piece of leather, — — 
EXP. xxxv. The laſt experiment repeated again with 
the ſame piece of leather, — — 
EXP, xxxvi. The receiver was taken off, and inſtead of) | 
the leather ſoaked in water, there was put on a piece of 


the ſame fort of leather, ſoaked in a mixture of water 


m—_ Moyo Rennes 


k 4 


and ſpirit of wine, ſuch as Mr. sMEAaToON uſed, 4 | 57 
xp. xxXVII. The laſt experiment repeated with the 

ſame leather, — — — | Wl 
EXP. xxxvIII. The laſt experiment repeated again with 

the ſame leather, — — } pi 


The great difference in the teſtimony of the pear- gag: 
in theſe fix laſt experiments appeared to me exceedingly 
aſtoniſhing, for the leathers ſeemed each of them to be 
as moiſt at laſt as at firſt. 

By theſe experiments I was convinced how effectually 
the uſe of leather ſoaked in water, or in water and ſpiritof 
wine, prevents the pump from exhauſting to any conſi- 
derable degree. I have made a number of experiments of 
the ſame kind as theſe; but have never been able to ex- 
Ti hauſt,under fuch circumſtances, to a greater degree than 


. between 30 and 60, when the heat of the room was t 
1 * about 
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about 57 by a thermometer of, FAHRENHEIT's ſcale: but 
the following experiments will ſhew how much ſome 
different degrees of heat affect the degree of exhauſtion. 


He ight ees of exhauſ- 
of tion according to 
Therm. q 


Barom, | Pear- 
| gage. gage. 
rn : . 
Hk. Xxxx. Receiver ſet on leather whic 
lain all night in water, EN 46 | 84 20,000 
kp. XL. Receiver ſet on a leather ſoaked all 
night in two yu water and one of ſpirit of} | 76 8000 
wine, — ä | { 


The pump having been put in a room of the heat of 
57 of FAHRENHEIT'sS ſcale for ſeven hours together, 
with the leathers put in the ſame water and the ſame 
ſpirit of wine and water which they had been ſoaked in 
al night, and which had been uſed in the two laſt expe- 
riments, the following experiments were made. 


Height 
f the 
herm. 


Degree of exhauſ- 
tion according to 


2 


* — 
N | Barom. Pear- 
be Sage. — 
EXP, XLII. The receiver ſet on the leather : 
loaked in water, } 9 | 56 __ 
EXP, xLII. Receiver placed « on a leather ſoaked 
in water and ſpirit of wine, — 1 57 43 | 3 


The following table will ſhew the comparative excel- 
lency between the pump on Mr. suEATON's principle 
with which the chief of theſe experiments have been 
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ane " 4 
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tried; and one of try torfrtion double barreled table 49. 
pttitips under the fare circurnſtatices. The leather on 
tlie piftons of both was ſoaked in oil and tallow, and thy 


receiver cemented down to each plate; the pumps were 
both of them freſh oiled. 


[Pump on Mr. sMEa-|[| Common pump. 
'F ToN's principle. | 

Degrees of exhauſ- Degrees of exhaak 
| tion according to || tion according to 


t 2 — üñüP 
— _— my SH 


Barom., Pear- 
gage, | gage, gage. gage. 


Ire. XIIII. Apieceof lexthergveigh- | 
| 
| 
| 


— 
to 
2 
8 
I | 
D 
a 
— 
= 
1 


ing 100 grains, as it came from 
the leather- ſellers, was put into 
the receiver of each pump, both 
Pieces being cut from the ſame 
{kin cloſe by each other, — 
the. xt ty. The ſame pieces of lea- 6 


100, 00% 108 12,0590 


— — 


ther dried by the fire till they 
would loſe no mote of their 
weight, — — 


520 160 Þ yg 


ö 


| 
| 


The following experiments will this the effect of 
water uſed in the barrels of pumps to make the piſtons 
move air tight in them. 

I took the fame common air-pump ohs in the laſt 
experiment, and having taken off the leathers ſoaked in 
oil and tallow from the piſtons of this pump, and wiped 
the barrels as clean as poſſible, I then put new leathers, 
which had been ſoaked in water, and new bladder valves; 
the receiver was then cemented to the pump-plate as 
befare. 


8 EXP. 


Eve 
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tion according to 


Barom, Pear- 
gage. | gage. 
* | GhS +-H $-Þ- 2 l 2 1 > 2% eee - ww — 
exp, XLV. The pump was then worked as uſual, — 4 $9 4}: 
Nr. XLVI. The Jaſt experiment repeated with. another - | . 
common pump, the leathers of the piſtons of ahich | 34 | 37 
were al ſo ſoaked in water, — | — f Be : 4 | 


From theſe experiments it evidently appears, that the 
ur- pump of oTTO GUERICKE, and thoſe contrived by 
Mr. GRATORIX, and Dr. HOOKE, and the improved one 
by Mr. PAPPIN, both uſed by Mr. BOYLE, alſo HAUKs- 
BEE'S, $'GRAVESANDE'S, MUCHENBROOK'S, and thoſe of all 
who have uſed water in the'barrels of their pumps, could 
never have exhauſted to more than between 40 and 50, 
if the heat of the place was about 57 and although 
Mr. SMEATON, with his pump, where no water was in 
the barrel, but where leather ſoaked in a mixture of water 
and ſpirit of wine was uſed to ſet the receiver on the 
pump- plate, may have exhauſted all but a thouſandth or 
even a ten thouſandth part of the common air, according 
to the teſtimony of his pear-gage; yet ſo much vapour 
muſt have ariſen from the wet leather, that the contents 
of the receiver could never be leſs than a ſeventieth or 
eightieth part of the denſity of the atmoſphere: never- 
theleſs, it does not ſeem that any deficiency in the con- 
ſruction of Mr. sMEATON's pump was the cauſe of his 

4 N 2 not 
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not being able to exhauſt beyond the low degrees of 50 
or 80. Had he been aware of the bad effects of ſetting 
the receiver upon leather ſoaked in water and fpirit of 
wine; and had he made uſe of the precaution to free all 
parts of his pump as much as poſſible from moiſture, x 
make not the leaſt doubt but the air-pump, which he 
executed himſelf, would have exhauſted to as great x 
degree, as that pump has been ſeen to have done with 


which the chief of theſe experiments were made. 


Having read the principal part of this paper to Mr, 
SMEATON, and ſhewn him ſome of the experiments; 
one in particular, where the pear-gage, as he obſerved 
himſelf, was filled to no leſs than x 00,000th. part of the 
whole content; he remarked from memory, that he had 
in ſeveral trials exceeded 1ooO times, and once, as he 
remembered, near or about 10,000 times; but as he 
never could account how this happened, which appeared 
to him perfectly accidental, and therefore could not de- 
pend upon doing it at pleaſure, he contented himſelf with 


putting down 1000 times, as being what (under the cir- 


cumſtances mentioned in his papers) he had a tolerable 
certainty of. | 

I muſt here again obſerve, that if we only wiſh 
to know the quantity of permanent air remaining 


in the receiver after it is as much exhauſted as poſſi- 
ble, 
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ple, it ſeems, that it is by Mr. sMEATON's gage only 
that we can know it. Again, when by the aſſiſtance of 
his gage and the barometer-gage together, we have diſ- 
covered that there 1s a vapour which ariſes and occupies 
the place of the permanent air which is exhauſted, it 
ſeems that it is by the means of his gage only that we 
can diſcover what part of the remaining contents of the 
receiver conſiſts of this vapour, and what part of perma- 
nent air. 


An account of ſome further experiments made with the 
ſame air-pump on Mr. SMEATON's principle, the reſults 
of which were different from the former. 


AFTER I had made the foregoing experiments, and 
thought to have done with the ſubject (for ſome time at 
leaſt) in reviewing them for the laſt time, I perceived one 
or two, the extraordinary reſults of which (though not 
unnoticed by. me before) I now thought I had not paid 
lufficient attention to. Experiment the 19th (in which 
found that when vitriolic acid was put into the receiver, 
and the pump worked for the uſual time, the pear- 
Sage indicated a much leſs degree of exhauſtion than the 

barometer- 
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barometer- gage) ſeemed to me now ſo furprizing, that it 
was irmpoffible not to wiſh to repeat this experiment with 
all the care 'poffible, and to endeavour to recollect all the 
circumſtances which I thought could any way anflue 
the refult, | | 
The vitriolic acid I made uſe of in the following ex- 
periments was ſome that I had had by me for ſome time; 
it had been kept in a phial, ſtopped with a glaſs-ſtopper, 
and tied over with a bladder. The thermometer in the 
room was at 59*, and the weather remarkably dry. 


Weight Degrees of exhauſ-[Variation of 
when put | tion according to weight 
into the |- A. —| during the 
receiver. | Barom. | Pear- experiment. 

gage. gage. 

— . OC CTY NINFERICIITAY 
EXP. XLVII. Vitriolic acid in a | 

glaſs cup, two inches diameter, } 100 grains 602 350 
EXP. XLVII. The laſt experi- | 

ment repeated with the fame | 101 grains| 502 350 

vitriolic acid in the ſame cup, 

ExP. XLIx. The former experi- N 
ment repeated again with the 
ſame vitolic A in the ſame ( 1014 grs.| 5O2 | 350 


cup, 2 — | 
EXP. L. The former ewe in 
| 


| | * 
1014 g. 502 3404 r — 
1 £4 | 


repeated the fourth time in 
every reſpect as before, 


The generation of vapour in the exhauſted receiver 
which Mr. cavenpisy had ſuppoſed, and which | 
ſeemed, by my former experiments, to have proved, ap- 
peared ſatisfactorily to have accounted for the pear- 


ga ge 
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iges indicating a greater degree of exhauſtion than the 
1 Mbarometer-gage : but what to ſuppoſe could poſibly 
e nake it indicate a leſs, I was entirely at a loſs; for aftey: 
e Mhaving made theſe ſurprizing experiments on the vitrio- 
Ic acid, I wiſhed once more to try it I could repeat, with 
the fame reſult, ſome of my former experiments, in 
which the pear-gage bad indicated ſo nearly the ſame 
degree of exhauſtion as the barometer-gages. Accard- 
ngly I took away the vitriolic acid from under the re- 
ceiver; the pump was then freſh oiled, and I was very 
careful to wipe clean and dry the receiver and pump- 
pate, and then cemented down the receiver as uſual. 


EXPERIMENT LI 


The pump was then worked, and the degree of ex- 
hauſtion appeared by the barometer-gage to be 4.32; but 
by the pear-gage to be but 370. 

know of no circumſtance attending this experiment 
that differed from thoſe in which my former experi- 
ments were made when the gages agreed ſo nearly, un- 
leſs it were that of the weather: 1 recollect that it was 
then very damp, and now it had been very dry for ſome 
time. How this circumſtance could make ſo great an 


alteration in the reſult of theſe experiments, I cannot pre- 
| tend 
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tend to ſay; but ſome of the following experiments wil 
ſhew that the pear-gage ſtill continued in many caſes to 
indicate a leſs degree of exhauſtion than the barometer. 
gage. 

In all the preceding experiments the pump was 
worked for ten minutes, and the pear-gage was at the 
end of that time puſhed down ſo as for the mouth to be 
immerſed in the ciſtern of quickſilver, and the air then 
let in according to the manner of uſing this gage; but 
now that I found that the teſtimony of this gage ſo ſel- 
dom agreed with that of the barometer-gage, I wiſhed to 
try, whether they might not agree when the receiver was 
exhauſted only in part, though they did not when it was 
exhauſted as much as poſſible. For this purpoſe I had 
the ſame receiver fitted with two pear-gages, ſo that! 
now could immerſe the mouth of.one of thera in the 
ciſtern of quickſilver when I had exhauſted the receiver 
in part only, and not immerge the mouth of the other 
till the receiver was exhauſted for the uſual time of ten 
minutes; in which time I found I could always raiſe the 
quickſilver in the barometer-gage as high as if I were to 
work the pump much longer. 


EXP. 
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Degrees of exhauſtion when the pump 
; had been worked 


Fre Torrey T 8 
| Five minutes; Ten minutes; 
| "according to accortling to 
r — — — — 
Barom. Pear- || Barom. care | 


gage, gage, gage. gage. 


Ep. III. The receiver — 
to the pump; plate, — | * 430 J 360 
Exp. LItI, The receiver unce-\ | 
mented, wiped clean from 
the cement, and put on the? 
pump-plate, with a little oil | 
round'the.outfide, — 
Hp. LIV. The receiver put on a 


leather ſoaked in oil rein | HO2 1 320 || 323  $OO 


— 


— ä —— — 


— 


DA 


_—_— 


This laſt experiment ſeemed very extraordinary; for 
after having worked the pump for five minutes only, the 
barometer-gage indicated a degree of exhauſtion of 50 25 
but by working the pump five minutes more, it indicated 
aleſs degree of exhauſtion, vis. 32 3. This effect I have 
obſerved to happen more than once. 


Degrees of exhauſtion when the pump 
had been worked 


3 lh. 


n 


1 1 "_—_ 
Five minutes; I Ten minutes; 
1 according to according to 


«| 1 DF Sl 3 X * 


7 


J Barom. Pear - ' Barom. | Pear- 
gage, gage. gage. gage. 
TI = 9: ; - * 
EXP, LY, Receiver put on a _ } 

ſoaked in water Br one night, 
EXP. Lvt. Receiver put on a 2 


47 380 63 8000 


ſoaked. for one night ina mixture 


of two parts water and one ſpi- 
Tit of wine, — — 


300 | 50 1200 f 
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and after the pump had been worked for a minute or 
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The receiver was then taken off from the pump-plate, 
and a blank ſcrew ſcrewed into the hole in the pump- 
plate. 


EXPERIMENT T 1 


The pump was then worked for ten minutes without 
any receiver on the pump-plate. 'The barometer-gage 
alone being afterwards connected with it, the gage indi- 
cated a degree of exhauſtion of 50 only, which was the 
ſame as in the laſt experiment; ſo that the bad effects of 
the mixture of the ſpirit of wine and water ſtill con- 
tinned. 

I then poured about two 3 of oil down the 
hole in the pump- plate, and the piſtons were worked 
gently till moſt of the oil had paſſed through the pump 
into a reſervoir made to receive it. A blank ſcrew was 
then ſcrewed into the hole in the pump-plate as before, 


two, four or five times, the air being let in between 
each time, the oil had then waſhed ſo much of the moiſ- 
ture out of the inſide of the pump, that I was now able 
to exhauſt to 430 inſtead of only go times, as before the 
oil had been made to paſs through it. 

During the courſe of theſe experiments on the ail- 
pump it appeared, by the nn of the pear and baro- 
3 


meter- 
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meter-gages, that the remaining contents of a receiver, 
when exhauſted as much as poſſible, was at different 
times of different kinds; ſometimes it ſeemed to conſiſt 
entirely of permanent air, as when a little vitriolic acid, 
&c. was put in the receiver; and ſometimes moſtly of 
vapour ariſing from moiſture, and but a very {mall pra- 
portion of permanent air, as when a bit of damp leather, 
&c. was in the receiver. I was now therefore deſirous of 
ſeeing what appearance the electric matter would exhibit 
in theſe different rarified media. 

For this purpole I had a glaſs tnbe made, of an inch 
bore, and four feet and a half in length. This tube was 
connected to the receiver of the air- pump by means of 
an elbow-piece of braſs, to which it was cemented; which 
elbow-piece was inſerted perpendicularly in the top of 
the receiver: as the elbow made a right angle, the tube 
itſelf was of courſe horizontal. | SP 
Moreover, at that end of the glaſs tube which was 
cemented to the braſs elbow-piece, there was fixed, on 
the inſide, a piece of braſs wire, about three inches and 
a half long, filed to a point, and pointing towards the 
other end of the tube. At the other end of the tube was 
cemented a braſs ſcrew fitted to a braſs cap, which 
ſcrewed on it; and in this braſs cap was fixed a braſs 
wire, three inches and a halt long, which pointed towards 
4 O 2 the 


e 5 , 
— 
4 wm 
—— as 
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the braſs point; at the other end of the tube, and at the 
end of this wire, was a braſs ball, eight-tenths of an inch 


diameter. 

The brals cap at this extremity of the tube which is 
fartheſt from the receiver was made round, and placed ſo 
as to be in contact with the prime conductor of an elec. 
trical machine. 

I now firſt put ſome vitriolic acid into the receiver, as 
a means of being able to make the remaining contents 
of the receiver, when exhauſted as much as poflible, to 
conſiſt of permanent air only, unadulterated with va- 
pour; and as the receiver was the ſame I had uſed in my 
foregoing experiments, there were two pear-gages fitted 
to it, which pear-gages I puſhed down into the ciſterns 
of quickſilver at different times, and the pump was 
worked as in my former experiments for ten minutes: 
heat of the room 50. 

The electrical machine was worked during the whole 
of the experiments. 


217 * 
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ETEXPERIMEN 'T.LVIIDL 


Degrees of exhauſ- 
| tion according to 
Electrical appearances exhibited. — — — 
Barom. 4 Pear- 
gage. gage. 
— — — — — 
Light began firſt to appear in flaſhes, — 1 1 
Lehe appeared the ,whole length of the tube-in foie, 5 
Tube was filled with an uniform body of pale light, 74 75 
The pump had now been worked five minutes, 1 ; 
The pump was then worked five minutes more, 
The tube was full filled with a uniform _ of el 1 5 : 


The conductor bein g then removed to a diſtance from 
the tube, it was made to approach it by degrees till a 
ſpark ſtruck it, which was at the diſtance of two inches; 
the light in the tube now appeared like a compact body 
of fire, of a vivid purple colour, tending to a red. 

Objects were ſeen through the tube when filled with 
this body of the electrical light, no leſs diſtinctly than 
if there had been no ſuch light in the tube“). 

The vitriolic acid being taken out of the receiver, I 
put a piece of leather of 100 grains, as it came from the 
leather-ſellers, into that end of the tube which was next 
to the conductor of the electrical machine, and fartheſt 
from the receiver of the air-pump. I put the leather in 


(a) This circumſtance has been before remarked * Dr. 2A MILTON in his 
©njeRures on the tails of comets, 


2 | {it 
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at this end of the tube rather than into the receiver, 9 


be ſure that the tube might be filled with the vapour 
ariſing from the damp leather rather than with the com- 


mon air. The pump and electrical machine were then 
worked as before. 


EXPERIMENT IIXV. 


grees of exhaul. 
tion — to 

Electrical appearances, — 
| ' Barom. Pear- 


| gage. gage, 
Light began firſt to appear in laſhes, i | 12 
Light appeared the whole length of che tube in 1 35 
Light vaniſhed ſcarce to be ſeen, — „ 


* 


The pump had now been worked ſeven minutes. The 
conductor was now removed from the tube, and the 
greateſt ſtriking diſtance was found to be one inch, 

The tube now appeared luminous, but the light was | 
faint and white, The conductor was then again put 
in contact with the tube, and the machine worked: 
the pump was alto worked for three minutes more, 
but fearce any light appeared, — 1 


|. 148 J 20,000 


The conductor was then again removed from the 
tube, and the ſtriking diſtance was found to be only one 
inch and four-tenths: the tube at the time of ſtriking 
was luminous as before, and the light was of the ſame 
faint white colour. 

Having lately received from my friend Dr. LIND ſome 


ther prepared by the ingenious Mr. WOLFE, I was very 
deſirous to try whether I could produce any conſiderable 
degree 


7 
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egree of cold by the evaporation of æther under a re- 
civer Whilſt exhauſting. For this purpoſe I put the 
ether into a phial, the neck of which was ſufficient to 


Ur 
* 


1 
the air-pump, under a receiver which had a plate at the 


op, with a wire paſſing through a collar of leathers; to 
his wire the thermometer was fixed, by which means 
| could eaſily dip the ball of the thermometer into the 
zther. 


. 
5 


EXPERIMENT IX. 


The pump was now worked, and whilit the receiver 


was exhauſting, the ball of the thermometer was often 
dipped into the æther; and when the degree of exhauſ- 
ion by the barometer-gage Was 65 (which was the ut- 
moſt in this caſe that the pump y would exhauſt to) the 
degree of cold indicated by the fall of the quickfilver 1 in 
the thermometer was 48* below o on FAHRENHEIT'S 
ſcale; ſo that there was a degree of, cold produced 1930 

colder than the air in the room where the experiment 
was made, the thermometer in it being at 535 degrees 
ove o. The pump was kept continually working for 
half an hour, and the ball of the thermometer often 


dipped into the æther; but no greater degree of exhauſ- 


tion or cold could be produced. The air being let into 
the 


mit the ball of a thermometer: this being placed on 
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the receiver, the qquickfilver in the thermometer rc{ 


10˙, Us. to 38 below d. 


EXPEARINENT III. 


Freſh æther being put into the phial to what was re. 
maining, the thermometer role to 30“ above o: the pump 
Was then worked again conſtantly for half an hour; yet 
by the barometer-gage the degree of exhauſtion waz 
now not more than 16, and the degree of cold produced 
did not exceed the 11th degree below o, as appeared by 
the quickſilver in the thermometer. The air being let 
into the receiver, the remaining æther was examined, 
and there were found ſeveral pieces of ice at the bottom 

of the phial, ſome of them as big as large peas, which, 
when the æther became nearly of the heat of 32“ 0 
freezing point of water, were intirely diſſolved. 

The ar- pump with which theſe experiments were 
made exhauſted above 400 times before the =ther Was 

put under the receiver. 


] 
| 
] 
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XXIII. On the Culture of Pine-apples. An extra? of a 
Letter from William Baſtard, E/q. ef Kitley in Devon- 
ſhire, ro Samuel Muſgrave, M. D. F. R. S. dated 
Kitley, March 15, 1777. Communicated to the Society 
by Dr. Muſgrave. 


lad June 19, TYEFORE I enter into the particulars of 

22h " raiſing pine-apples in water, it will be 
neceſſary to tell you that my hot-houſe is covered with 
the beſt crown-glaſs, which I apprehend gives more 


for hot-houſes. In the front part of the houſe, and in- 
&ked any where in the loweſt parts of it, the pine-apple 
plants will not thrive well in water. The way in which I 
treat them is as follows. I place a ſhelf near the higheſt 
part of the back wall, ſo that the pine-plants may ſtand 
without abſolutely touching the glaſs, but as near it as 
an be: on this ſhelf I place pans full of water, about 
ſeven or eight inches deep; and in theſe pans I put the 
pine- apple plants, growing in the ſame pots of earth as 
they are generally planted in to be plunged into the 
VoL. LXVII, 4 P bark- 


heat than the common ſort of green glaſs generally uſed 


- — — —— 
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bark-bed in the common way; that is, I put the pot of 
earth, with the pine-plant in it, in the pan full of water, 
and as the water decreaſes I conſtantly fill up the pan, | 
place either plants in fruit, or young plants as ſoon a 
they are well rooted, in theſe pans of water, and find they 
thrive equally well: the fruit reared this way is always 
much larger, as well as better flavoured, than when ripened 
in the bark-bed. I have more than once put only the 
plants themſelves without any earth, I mean after they 
had roots, into theſe pans of water, with only water ſuf- 
ficient to keep the roots always covered, and found 
them flouriſh beyond expectation. In my houſe, the 
ſhelf I mention is ſupported by irons from the top, 
and there 1s an intervening ſpace of about ten inches 
between the back wall and the ſhelf. A neighbour of 
mine has placed a leaden ciſtern upon the top of the back 
flue (in which, as it is in contact with the flue, the water is 
always warm when there is fire in the houſe) and finds 
his fruit excellent and large. My ſhelf does not touch 
the back flue, but is about a foot above it; and conſe- 
quently the water is only warmed by the air in the 
houſe. Both theſe methods do well. The way I account 


for this ſucceſs is, that the warm air always aſcending to 


the part where this ſhelf is placed, as being the higheſt 
5 part 
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Wl part of the houſe, keeps it much hotter than in any 
other part. The temperature at that place is, 1 believe, 
eldom leſs than what is indicated by the 7 3d degree of 
rAHRENHEIT's thermometer, and when the Sun ſhines it 
is often at above Iooꝰ: the water the plants grow in ſeems 
to enable them to bear the greateſt heat, if ſufficient air 
de allowed; and I often ſee the roots of the plants grow- 
ing out of the holes in the bottom of the pot of earth, 
and ſhooting vigorouſly in the water. 

My hot-houſe (the dimenſions of which it may be 
proper to know) 1s ſixty feet long, and eleven feet wide 
the flues included; fix feet high in the front, and ele- 
ven feet at the back on the inſide of the houſe. It 
is warned by two fires. A leaden trough or ciſtern on the 
top of the back flue is preferable to my ſhelf, as in it the 
pine-plants grow much faſter in the winter, the water 
being always warmed by the flue : of this I have ſeen the 
great benefit theſe laſt two months in my neighbour- 
hood. It is not foreign to this purpoſe to mention that, | | 
3 a perſon was moving a large pine-plant from the hot- | 
bed in my houſe laſt ſummer, which plant was juſt | 
ſhowing fruit, by ſome accident he broke off the plant | 
| juſt above the earth in which it grew, and there was | 


) 
| 


no root whatever left to it: by way of experiment I 
4 2 took 
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took the plant, and fixed it upright in a pan of water 
(without any earth whatever) on the ſhelf; it there 


ſoon threw out roots, and bore a pine-apple that weighed 
upwards of two pounds. 
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XXIV. Experiments and Obſervations made in Britain, 
in order to obtain a Rule for meaſuring Heights with 
the Barometer. By Colonel William Roy, F. R. S. 


Read June 12 and 19, and Nov. 6 and 13, 1777. 


INSTRODUG TION. 


- philoſophical inquiries of every kind, where any 

point is to be aſcertained by experiments, theſe can- 
not be repeated too often, nor varied too much, in order 
to obtain the truth: for even when the utmoſt precau- 
tion hath been uſed, and the greateſt pains have been 
taken, it rarely happens, that they agree ſo exactly, as 
to leave no room for doubt. Were it poſſible at all 
times, to have experiments made in circumſtances per- 
tectly ſimilar, a conſiderable degree of conſiſtency 
might naturally be expected among the reſults, where- 


of the mean would determine the point in queſtion; 


but different men, making uſe of different inſtru- 


ments, have different modes of conducting their ope- 
rations, each purſuing the tract that ſeems to him the 
moſt likely to inſure ſucceſs. Hence it is that a variety 


* 


ot 
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of reſults ariſe, and that things ſometimes appear contra. 
dictory, or at leaſt preſent themſelves under new forms, 
difficult at firſt fight to be accounted for, and therefore 
apt to miſlead, till by a farther inveſtigation of the mat. 
ter, the true cauſes are diſcovered. Even irregularities of 
this ſort are worthy of being communicated, that others 
may know what hath happened before, and what, in like 
caſes, they may expect to meet with, in the courſe of 
their future inquiries. Improvements of every kind ad- 
vance by ſlow degrees; and it is not until things haye 
been viewed in every poſſible light, that the errors, 
even of our own experiments, are diſcovered, the points 
in queſtion ultimately aſcertained, and the branch of 
philoſophy depending upon them, gradually brought 
nearer to perfection. 

Ever ſince the diſcovery made by TORRICELLI, the 
barometer hath been applied, by different perſons, in dif- 
ferent countries, to the meaſurement of vertical heights, 
with more or leſs ſucceſs, according to the more or lets 
perfect ſtate of the inſtruments uſed, and the particular 
modes of calculation adopted, by the obſervers. But of 
all thoſe who have hitherto employed themſelves in this 
way, none hath beſtowed ſo much time and pains, or 
tucceeded ſo well, as Mr. DE Luc, of Geneva, p. R. s. In 
two quarto volumes, publiſhed ſome years ſince, that 

gentleman 
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» gentleman hath given us the hiſtory of the barometer 
nd thermometer, with a very curious and elaborate de- 
nil of many years experiments, made by him, chiefly on 
the mountain Saleve. It would be totally ſuperfluous- 
here to enter into any circumſtantial account of the me- 
mod he makes uſe of, ſince that hath already been ſo 
fully illuſtrated by two Fellows of the Royal Society, 
who have at the ſame time given formulæ and tables, 
alapted to the meaſures of this country, (Phil. Tranſ. for 

1774, vol. LXV. N' xx. and Xxx.) that nothing farther 
can be deſired on that head. 

It may nevertheleſs be neceſſary juſt to call to remem- 
brance that the rule, deduced from the obſervations on 
deve, conſiſts of three parts. 1ſt, The equation for the 
expanſion. of the quickfilver in the tube, from the effect 
of heat, whereby the heights of the columns, in the in- 
frior and ſuperior barometers, are conſtantly reduced 


b what they would have been in the fixed temperature 
of 54% of FAHRENHEIT, independant of the preſſure 
ey reſpectively ſuſtained. 2d, When the mean tem- 
perature of the column of air to be meaſured, is 69“. 32, 
indicated by thermometers expoſed to the Sun's rays 
t its extremities; then the difference of the common 


o2arithms, of the equated heights of quickſilver in the 
two 


56 N Cpl. noY's Experiments for 
two barometers, gives the altitude intercepted between Ne d 
them, in toiſes and thouſandth parts, reckoning the three Necin 
figures to the right hand decimals, and the others inte. Ne 
gers, the index being neglected. This temperature of her 
69.32, when the logarithmic differences give the real 555 
height without any equation, is reduced to 390.7 4, the W's 
new zero of Mr. DE Luc's ſcale, when his formula is Nees 
adapted toEngliſh fathoms and thouſandth parts, inſtead 
of French toiſes. And laſtly, when the mean temperature Whine 
of the air is above or below 399.7 4, an equation, amount- Het 
ing to +2; parts of the logarithmic height for each de- 
gree of difference, is, in the firſt caſe to be added to, and Dr 
in the laſt ſubtracted from, that reſult, in order to obtain Neri 
the real altitude. In t 
In Mr. DE Luc's book, the experiments for aſcertain- 
ing the expanſion of the quickſilver, are not given in WW: 
detail; neither are the particular temperatures of the 
barometers ſpecified. The winter ſeaſon was however Nu 
choſen forthe purpoſe; one being left in a cold room, and ot 
the other in a cloſet, heated as high as could conveniently | 
be ſuffered. The operation having been repeated ſeveral fol 
times without any eſſential difference in the reſults, this I 
general concluſion is drawn, that between the tempera- 


tures of melting ice and boiling water, the expanſion of 
the 
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he quickſilver is exactly ſix French lines, or. 5 3287 5 
ecimal parts of an Engliſh inch. But it is to be ob- 
ved, that the barometer ſtood then at 28.775525 
rhereas, if it had ſtood at 30 inches, it would have been 


555586, becauſe the expanſion is in proportion to the 
ength of the column. Farther, the interval between ihe 
teezing and boiling points in all thermometers, varies 
ith the height of the barometer, or weight of the atmo- 
| here; and it is the cuſtom in England to make thermo- 
ters when the barometer ſtands at 30 inches; that is 
pay, 1.2250T 1 3. 8 French lines, higher than when Mr. 
EK LUC's boiling point was fixed: and ſince from his ex- 
periments it appears, that each line of additional height 
n the barometer, raiſes the boiling point th part of 


IT34 
the interval between that and freezing, it follows that 


180 
1134 


degrees, that Mr. DE LUC's boiling point 1s lower than 
mat of Engliſh thermometers, which reduces it to 209.8 


=0.158 x 13.8 = 29.2, will denote the number of 


of FAHRENHEIT, and makes the interval between freez- 
ing and boiling only 177.8 degrees. Hence the expan- 
lon .5555 56, formerly found, muſt be increaſed in the 
proportion of 177.8 to 180, which gives for the total 
5624297 or. 56243, on a difference of temperature of 
1809. Thus the expanſion for each degree, ſuppoſin g it 
Vol. LXVII. 40 ta 
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to be arithmetical, or uniformly the ſame in all parts 
the ſcale, will be. oo 312461 %. 

Having now ſhewn the expanſion of quickſilver int 
tubes of barometers reſulting from the Geneva obſery, 
tions, I ſhall next proceed to give ſome account of thy 
I made for that purpofe. They derive their origin fra 
my having very accidentally obſerved, that a ſmall d 
gree of heat, and of ſhort duration, ſenſibly affected il 
Jength of the column in Mr. RAMSDEN's portable ban 
meter, whereof a view is given in plate XVI. II 
principal parts of this inſtrument are a ſimple ftraigh 
tube, fixed into a wooden ciſtern, which, for the cone 
niency of carrying, is ſhut with an ivory ſcrew, and, that 
being removed, is open when in uſe. Fronting this aper 
ture is diſtinctly ſeen, the coincidence of the gage-mark 
with a line on the rod of an ivory float, ſwimming on the 
ſurface of the quickſilver, which is raiſed or depreſſed h 
a braſs ſcrew at the bottom of the ciſtern. From this, as 
a fixed point, the height of the column is readily mea 
ſured on the ſcale attached to the frame, always to ::; 


(a,) This paper having lately been communicated to Mr. Dt Luc, he hath 
informed me, that the difference of temperature in his experiments, amounted 
to about 31” of REAUMUR, or 72* of FAHRENHEIT, above freezing: where: 
fore, . 03 12461 x 72. 225 nearly, will denote the rate of expanſion from 
which he deduced that for 180 and within theſe limits, it will hereafter 50 


ound to differ very little from the reſult of the preſent experiments. 
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art of an inch, by means of a nonius moved with rack- 
ork. A thermometer is placed near the ciſtern, whoſe 
11 heretofore, was uſually incloſed within the wood 
ork, a defect that hath been ſince remedied. The three- 
gged ſtand, ſupporting the inſtrument when in uſe, 
erves as a Caſe for it, when inverted and carried from 
lace to place. Two of theſe barometers, after the quick- 
ver in them hath been carefully boiled, being ſuffered 
remain long enough in the ſame ſituation, to acquire 
he fame temperature, uſually agree in height, or rarely 
lffer from each other more than a few thouſandth parts 
of an inch, which were conſtantly allowed for in calcu- 
king altitudes, as well as in eſtimating the rate of expan- 
on, in the courſe of the following experiments. 


. I. 


Experiments on the expanſion of quickfiFuer. 


THE experiments made for this purpoſe were nu- 
nerous as well as various, and were therefore ſubdivided 
I into ſeveral claſſes. To give a minute detail of them all, 
would be extremely tedious, and now wholly uſeleſs, 
ſince it was from thoſe of the third claſs alone, that the 
4 Q 2 rate 


660 Col. Rovs Experiments for 
rate as well as maximum of expanſion was aſcertaineſ: * 
wherefore thoſe of the two preceding claſſes need only tl 


be mentioned in a general way. 
The firſt ſet of the firſt claſs comprehended ſuch 3 
were made with one barometer in a cold room, or in the 


open air, and the other in a room on the ſame level with 
the former, where there was conſtantly a fire, which va; 
occa{ionally increaied, in order to augment the difference 
of temperature. When the heated barometer had re- 
mained ſeveral hours in an angle of the room, the dif- 
ference of temperature of its quickſilver above that of 
the coldeſt, as indicated by their reſpective attached ther- 


mometers, rarely exceeded 10 or 125, which, from a 


mean of many obſervations, gave an expanſion of. o 333 
decimals of an inch, for the 10? comprehended between 
32 and 42*0f FAHRENHEIT'S thermometer. So far the re- 
ſult ariſing in this way, from ſmall differences of tem- 
perature, will be found to agree with the third claſs of 


experiments. 
But when, in the ſecond {ct of this firſt claſs, the dif- 


ference of temperature was augmented to 20 or 30*, by 
expoſing the barometer within doors to a greater heat, 


or placing the ſuperior one on the leads, whereby it re- 
ceived the direct and reflected rays of the Sun through- 


out the greateſt part of the day, while the other was kept 
in 
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in the cold area underneath, the rate of expanſion fer. 
the firſt 10? exceeded that formerly found nearly in. 
the proportion of three to two, while that for the ſecond 
and third terms, of 10? each, diminiſhed progreſſively. 
The chief, though not the only cauſe of this great. 
difference, as will appear hereafter, aroſe from the poſi- 
tion of the ball of the thermometer, originally incloſed 
within the wood-work of the frame, which prevented it 
from receiving the heat ſo readily as the quickſilver in. 
the tube; at the ſame time that it retained it longer, and 
coniequently produced reſults in ſome degree fallacious. 
Finding, from the firit claſs of experiments, that much. 
uncertainty remained with regard to the rate of expan-- 
fon of quickſilver affected by theſe ſmaller degrees of 
heat, and that it was utterly impoſſible, from them, to 
determine its maximum for the 180* between freezing 
and boiling ; 1 reſolved to try, how. much a column of 30 
inches of quickſilver, carefully boiled in a tube, would 
lengthen, the ſame being placed with the open end up- 
wards in a tin veſſel, occaſionally filled with pounded ice 
and water, and afterwaris brought to boil, by means of a 
charcoal fire placed underneath? In this ſecond claſs, it 
was eaſy to ſee, that the expanſion of the tube containing 
the quick ſilver, was neceſſarily to be taken into the ac- 


count, and added to that apparently found by experi- 
ment, 


2 
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ment. This was of courſe to be done, either by ſuch dif. 
ferences as I could diſcern and meaſure, or by thoſe that 
Had reſulted from the experience of others. 

The nature of the apparatus, employed in thas claſs of 
experiments, will be eaſily underſtood from plate XVII. 
where it is repreſented, as it was uſed in thoſe of the third 
claſs, In its firſt ſtate it was not quite ſo long, and a 
chafing-diſh with a charcoal fire, occupied the place of 
the ciſtern holding the quickſilver below. By means of 
a egwcular bit of tin, ſoldered edgeways in the center of 
the bottom, and an aperture in the middle of the lid, the 
tube was kept ſteadily in the axis of the veſſel. Other open- 
ings in the lid, ſerved for the admiſſion of the thermo- 
meter, and the application of a deal rod cloſe to the fide 
of the tube, when its height was to be meaſured. The 
longitudinal expanſion of the glaſs was marked by a 
{cratch thereon with a fine edged file at the top of the 
deal rod, when reſpectively at the temperatures of freez- 
ing and boiling. The apparent dilatation of the quick- 
ſilver was in like manner marked, by the coincidence of 
1ts ſurface with the lower edge of a braſs ring embracing 
the tube. 

It having been found impoſſible to procure tubes 
whoſe bores were truly cylindrical, or of any uniform 
figure, the experiment was repeated, as often as poſſible, 

in 
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in both ends of the ſame tube, that the mean might be 
taken. But it frequently happened that the tube, which 
had undergone one or more experiments in one end, 
broke before any could be made with it in the other. In 
this caſe, the rate of expanſion in the laſt end was taken 
from that given by ſuch another tube, where it had ſuc- 
ceeded in both. The mean of five refults with the beſt 
tubes, taken in this way, gave . 490 1 for the apparent 
expanſion of 3o inches of quickſilver, on 180 of Fan- 
RENHEIT, between. freezing and boiling, which being 
augmented by the apparent longitudinal dilatation of the 
glaſs .0356 x 3. 1068, the real expanſion is. 5969; ex- 


ceeding Mr. DE Luc's by more than sths of an inch. If, 
however, Mr. SMEATON's dilatation. of glaſs, (.025 x 3= 
07.5) be ſubſtituted, inſtead of that reſulting from theſe 
experiments, the real expanſion of 30 inches of quick 
filver will be. 5651, which does not exceed it quite 88 
parts of an inch. 

In this claſs of experiments, having attended as dili- 
gently as poſſible to all the circumſtances, it ſeemed to 
me, that tubes with a ſmall bore, and whoſe glaſs was 
thick, lengthened more than thoſe, which had a larger 
bore and whoſe glaſs was thin: whence I was led to. 
ſuppoſe, that ſolid glaſs rods would dilate more in pro- 


portion, and conſequently, ſhew a ſtill more perceptible 
difference. 
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difference. With the view of aſcertaining this point, 
procured four glaſs rods near three feet long each, and of 
different diameters, the largeſt being of the ſize of the 
little finger, and the ſmalleſt about the thickneſs of 2 
quili. One end of each, was fomewhat larger than the 
other, and was made perfectly ſmooth, as that on which 
they were to reſt when ſeverally meaſured with the deal 
rod. They were then all placed in the tin veſſel, in ſuch 
a manner, as to admit pounded ice rammed very cloſe 
around them, and the interſtices to be filled with water, 
Having remained in that ſtate a full half hour, they were 
ſeverally meaſured with the deal rod, whoſe length of 
327 inches was ſcratched on each with the ſharp edge of 
the file. This being done, the ice thrown out, and the 
veſſel carefully waſhed, all the rods were replaced in it, 
immerſed in water, which afterwards was brought to boil. 
The fire being kept up, and the ebullition rendered as vio- 
lent as poſſible for half an hour, the glaſs rods were then 
ſeverally meaſured, by applying them one after another 
to the deal rod, ſtanding with them in the boiling water. 
The experiment was repeated three times, on as many dit- 
ferent days, without its being poſſible to diſcern, that any 
of the glaſs rods had dilated more than that of deal, from 
a difference of temperature of 180%. In all of them, the 


freezing mark ſeemed accurately to coincidewith the top 
of 
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of the deal rod; whereas the dilatation of the tubes, by 
the ſame degree of heat, was always very viſible”. 

Finding from the ſecond claſs of experiments, whereof 
the general reſult hath now been given, that glaſs rods 
ſeemed not to lengthen more than deal; and that tubes 
of different bores, and probably too of different ſorts of 
glaſs, were ſuſceptible of different degrees of extenſion, 
which rendered it impoſſible, by this means, to aſcertain 
the longitudinal expanſion of the quickfilver they con- 
tained; I thought it neceſſary to recur once more to the 
barometer, and to try whether it could not be ſo con- 
trived as to act in water of different temperatures, from 
freezing to boiling. This led me to the experiments of 
the third claſs: and in order to comprehend them tho- 
roughly, it ſeerns neceſſary to point out ſome few altera- 
tions which the apparatus underwent. 

The center of the bottom being pierced on purpoſe, a 
braſs ſocket was prepared for it, wherein a hole was bored 
conically, to receive the ground-end of a barometer tube, 
of the ordinary length of 33 inches; the tube having 
been firſt ground in ann piece of braſs, and ulti- 


1, PP? 

(b) Since theſe experiments were made, the relative expanſion of 18 inches 
of one of the tubes and one of the rods that had been formerly employed, was 
found to be, by Mr. cumminG's pyrometer, nearly as 4 to 1, from a heat 
ipproaching to that of boiling oil. ? 
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mately in the ſocket itſelf, fitted it ſo exactly, as to ſuffes 
no water to paſs. The ſocket being inſerted into ths 
aperture at the bottom of the veffel, was firmly ſoldered 
to it for the reception of the tube, which was ſo ground 
as to reach a full inch and a half below the furface of 
the braſs. It could not deſcend farther, the ground part 
in both being of the figure of the fruſtum of an inverted 
cone. From the view in the plate it will appear, that un- 
derneath the veſſel, a ſeparate ſtand was placed, in order 
to ſupport the iron ciſtern containing the quickſilver. 
The diameter of the ciftern was ſuch, that its ſtand being 
occaſionally moved, ſo as to bring one ſide of it cloſe to 
the ground part of the tube, the other fide projected be- 
yond the bottom of the veſſel; and conſequently per- 
mitted the rod of a float, reſting on the ſurface of the 
quick ſilver, to riſe freely and parallel to the axis of the 
tube. The rod was of deal, th of an inch ſquare, car- 
rying on its top a ſcale, whoſe zero lay in the lower ſur- 
face of the float, and whereof the ſix uppermoſt inches, 
from 28 to 34, were divided into 2oths.. 

That the whole column of quickfilver might alter- 
nately be covered with the freezing mixture and water 


of different temperatures, and yet permit its ſurface to 
be teen, two eyes of plate glaſs were ſcrewed into ſockets 


ſoldered for that purpoſe oppoſite to each other, near the 
top 


meaſuring Heights Toith the Barometer. 667 


wp of the veſſel, which, in the firit ſet of the third claſs 
of experiments, was little more than 29 inches high. 
The top of the tube paſſing through the aperture in the 
id, one and a half or two inches of the vacuum gene- 
rally roſe above the veſſel. That the expanſion of the 
column might be meaſured as nearly as poſſible in that 


part of the tube fronting the center of the eyes, more or 
eſs quickſilver, according to the ſtate of the atmoſphere, 
was occaſionally put into the ciſtern, to raiſe or depreſs 


the ſurface of the column to the proper height. A thin 
braſs ring, whoſe lower parts were made to ſpring, em- 
braced with ſufficient force the upper part of the tube, 
permitting it at the ſame time to be moved freely with 


the hand. It carried along with it a nonius index, pro- 
ecting as far as the center of the rod, and conſequently 


plying itſelf to the diviſions of the ſcale, which was 
kept in its proper poſition by paſſing through a {lit fitted 
for it in an arm attached to the lid. The diviſions on the 
nonius being the ſame with thoſe of the barometer for- 
merly deſcribed, the height of the quickſilver could 
uways be read off to th part of an inch. 

The quickſilver having been carefully boiled, as on 
> t0 former occaſions, in the tube; and that being filled com- 
ets, pletely, and held with its open end upwards; the tin 
the veſſel was inverted over it, and lowered gradually, till the 
top 4 R 2 ground 
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ground end could be inſerted into the ſocket with ſuch z 
degree of force as to prevent it from being too eaſily re- 
moved. The finger being then applied cloſely to the 
open end of the tube, the whole apparatus was turned 
up, and placed over the ciſtern into which the quickſilver 
had previouſly been put, great care being taken not to 
remove the finger till the lower extremity of the tube 
was fairly immerſed into the quickfilver; when that in 
the tube was permitted to deſcend into an equilibrium 
with the atmoſphere. In the firſt experiment it was 
found that the water iſſued by the eyes, and running 
down the fide of the veſſel, fell into the ciſtern. In order 
to remedy this inconveniency, a circular piece of tin was 
ſoldered round the upper part of it, immediately below the 
eyes; and a flat fpout, projecting from it, ſerved as a gut- 
ter to throw off the water from the ciſtern, and from the 
lamps made uſe of to bring that in the veſſel to boil. S 
lamps, each with a double light, were ſuſpended around 
the trunk of the veſſel, to heat the water as equally 2 
- poſſible; though any irregularity of this kind was ſuffi- 


ciently guarded againſt, by conſtantly mixing it during the 
operation. Another lamp. of the ſame kind ſtood: under 
the ciſtern, whereby the quickſilver there was kept at 
the temperature of the water in the veſſel, each having 
its proper thermometer: this laſt lamp was places 
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and diſplaced frequently, during the courſe of every ex- 
periment; for the heat was very expeditiouſly commu- 
nicated to the iron ciſtern, and thence to the quickſilver 
it contained; and both were found to cool very faſt, after 
the lamp was removed. Such was the ſtate of the appa- 
ratus, when the firſt ſet of this third claſs of experiments 
was made. In thoſe of the ſecond ſet, its height was far- 
ther augmented by tin ſoldered to the top, that a tube of 
the ordinary length might be wholly immerſed in boil- 
ing water. The third and laſt alteration conſiſted in the 
occaſional application of a detached tin caſe, equal in 
diameter to the upper part of the veſſel, having a hole in 
its bottom to admit the top of a long tube to paſs. This 
caſe was ſo contrived, that its bottom ſtood two inches 
and a half higher than the lid of the veſſel, thereby al- 
lowing room for the hand to move the index up or 
down. In this ſtate the apparatus is repreſented in the 
view; and its various uſes will be beſt underſtood from 
the account of the experiments, which were ſubdivided 


into four ſets. 

Thoſe of the firſt ſet were made with tubes of a large 
bore, upwards of three-tenths of an inch in diameter, of 
the ordinary length, with a vacuum over the quickſilver 
of two inches and a half or thr inches, part of which 


reached above the top of the veſſel. The mean of three 
experi- 
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experiments gave. 3258, for the total dilatation, of 44 


52% was .0688; that, for the 20* in the middle of the 
ſcale, between 1 12 and 1329 was.o58; and the rate for 
the laſt 20% between 192* and 212*, was only .o41, 


peared evident, that the expanſion of 3o inches of quick- 


FAHRENHEIT, inſtead of exceeding Mr. DE LUC's, as aps 


really fell ſhort of it: and inſtead of being arithmetical or 
uniformly the ſame, for equal changes of temperature, wa 


actually progreſſive; the expanſion anſwering to the lower 


inches of quickſilver, on 180 between freezing and boil. 
ing; that, anſwering to the firſt 20“, between 329 ang 


From this firſt ſet of the third claſs of experiments, it ap- 


ſilver in the barometer, ſuffering a heat equal to 180 of 


peared to be the caſe from the reſults of the open tube, 


part of the ſcale, being greater than that correſponding to 
the middle; which again exceeded that for high tempe- 
ratures. In theſe experiments, when the water had ac- 
quired a heat 20 or 3o degrees greater than that of the open 
air, a certain duſtineſs was perceived in the vacuum of 
the tube. At oO of FAHRENHEIT, or thereabout, this 
appearance had ſo far increaſed, as to ſhew clearly, that 
it could proceed from no other cauſe than a vapour ari- 
ſing from the ſurface of the heated quickſilver, quite in- 
viſible, till, by its condenſation in the cold part of the 


tube, it was formed into balls, every where adhering to 
its 
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zo ſits ſides and ſummit. Theſe globules were very ſmall 
il. near the ſurface of the water, augmenting gradually as 
they approached the top of the tube, where they were 
greateſt : their bulk increaſed with the heat; and when. 
the water was at or near boiling, they would ſometimes 
unite, and deſcend by their own gravity, along the ſides of 
the tube, into the general maſs. Hence the progreſſive di- 
minution of the rate of expanſion of the column of quick-- 
flver in the barometer, perceptible even in the firſt claſs 
of experiments, is eaſily accounted for by the reſiſtance 
of the elaſtic vapour'”, acting againſt the top of the tube, 
which was here colder than the reſt. 

But in the application of the barometer to the mea- 
furement of heights, the whole inſtrument is of the ſame 
temperature; wherefore, in the ſecond ſet of this third 


tals of experiments, the tin veſſel was heightened, that 
tubes of the ordinary length, placed in it, might be wholly 
mmerſed in boiling water. The mean of four experi- 


ments, which agreed very nearly among themſelves, 
mve.5117 for the total expanſion between freezing and 
boiling; for the 20 between 112% and 132%059; and 
ri- ir the laſt 20% between 192* and 212%046. In theſe 


(c] Having mentioned the circumſtances to Mr. RAMSDEN, it firſt occurred 

the o im, that the reſiſtance of the elaſtic vapour was the cauſe of the diminu- 
don f 

to in the rate of expanſion, 


experi- 
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experiments, the tube being wholly covered with boiling 
water, no condenſation of vapour took place in the yz. 
cuum; and therefore no particles of quick filver were ſeen 
adhering to the upper part of the tube. When the wax 
ter boiled, the reſiſtance of the vapour was greater than 
in the preceding ſet, and the total expanſion leſs. Theſ 
two reſults ſerve ſtrongly to confirm each other: it is, 
however, the laſt that furniſhes the data for conſtructing 
the table of equation depending upon the heat of th: 
quickſilver in the barometer, of which table we ſhall 
give an account hereafter. 
Finding, from the compariſon of theſe two ſets of ex- 
periments with each other, that the maximum and rate 
of expanſion ſeemed to vary with the length of the v. 
cuum above the quickſilver, I was adviſed to try whit 
might be the reſult, when the vacuum was much longer 
than in the common barometer. 
The third ſet of experiments of this claſs was there- 
fore made with a tube ſomewhat narrower in the bore 


than the former, and whoſe vacuum was 14 inches Il 
length, whereof. 1 14 reached above the top of the veſſel. 
The mean of three obſervations gave. 5 443 for the total 
expanſion on 180; that for the firſt 20 was .067 ; fo! 


(4) Dr. BLacDex, who afterwards aſſiſted in ſome of the firſt experimen 
with the manometer, propoſed that with the long tube, h 
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me 20 in the middle of the ſcale .058; and for the up- 
permoſt 205.065: whence the mean rate for every 20%, 
; nearly. 60 5 . In this ſet, the condenſation in the va- 
cuum of the tube was particularly attended to: it began, 
13 in thoſe of the firſt ſet, immediately above the ſurface 
of the boiling water, which was always kept an inch or 
two above the top of the column : the lowermoſt glo- 
bules were very ſmall, increaſing gradually till they got 
without the lid of the veſſel, where they were the largeſt; 
thence they diminiſhed uniformly upwards, and diſap- 
peared entirely three or tour inches below the top of the 
tube. Though the rate for the middlemoſt 20%, in theſe 
laſt experiments, be below the mean, probably from ſome 
accuracy in obſervation; yet, being compared with the 
former ſets, they ſtill ſerve to corroborate each other: for 
in theſe with the long tube, the vacuum ſeems to have 
been either completely maintained, or nearly ſo; and we 
accordingly find the maximum of expanſion increaſed, 
and its rate rendered nearly uniform, as will be farther 
onfirmed from what follows. 


| (e Mr. cavenDisn, who affiſted in the firſt part of the experiments with 
open tube, informed me, that, in thoſe made by his father Lord cnaRLEs, 

e difference between the expanſion of quickfilver and glaſs, from 180* of heat, 
409. If to this we add Mr. suEATON's dilatation of glaſs, the total 
Wcanfion of 30 inches of quickfilver will be .544, which agrees with the 
9criments in the long tube, and gives a rate of only .003022 for each degree. 


| 
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I have already had occaſion to mention that a detache 
tin caſe was ſometimes applied above the veſſel, in which 
ſtate it is repreſented in the view. This method wa 
thought of during the operations with the long tube, in 
order to try whether the vacuum was completely main. 
tained by the temperature of the open air? For this pur. 
poſe the caſe was placed on the ſtones of the yard, with 
a {mall tube inſerted in it, to preſerve an open paſſage in 
the middle: it was then rammed full of a compoſition 
of ſalt and ice; and afterwards fixed on the top of the 
long tube. The degree of cold thus applied round the 
greateſt part of the vacuum, muſt have been very great, 
probably near the zero of FAHRENHEIT; yet it produce 
no viſible alteration in the height of the column cf 
quickſilver, which {till remained in boiling water below, 
and ſhould have riſen, it the vacuum had been formerly 
incompleat. As it would have occaſioned much trouble 
to have lengthened the ſeveral parts of the apparatus {0 
as to have kept the long tube wholly in boiling water, 
the counterpart of this laſt experiment was not made in 
the accurate manner it ought: nevertheleſs, the tin calc, 
being emptied of its cold compoſition, was placed on 
the tube as before, and filled with boiling water; which, 
Joining with the intermediate ſteam ariſing from that in 


the veſſel below, muſt have kept the whole nearly in the 
ſame 


* 


ble 


ch, 


in 
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ame temperature. The conſequence of this application 
as, that the column ſhortened about ;;z;ths of an inch; 
which ſeems to prove, that the quickfilver vapour now 


reached the ſummit of the tube, and, acting againſt it, 
overcame, by ſo much, the preſſure of the atmoſphere. 

Iſhould now proceed to give ſome account of the fourth 
ſet of this laſt claſs of experiments, made on the con- 
denſation of the quickſilver, by means of artificial cold, 
below the temperature of the air. Previouſly however 
to this, it may not be improper to take notice, in a more 
general way, of ſome others that were made on expan- 
lon; as tending, with certain circumſtances yet to be 
mentioned, not only to confirm thoſe already deſcribed, 
but likewiſe to account for many irregularities that occur 
n operating with barometers. 

In the courſe of the preceding experiments, from ac- 
adents of various kinds, it was often neceſſary to reboil 
the quick filver; and in that operation, many tubes were 
broken. The frequent removal of the ſocket from the 
bottom of the veſſel, in order to get others ground for it, 
became at laſt very troubleſome; and made more caution 
neceſſary, in boiling ſuch as were ground, eſpecially in 
oſty weather, which happened to be the caſe in the laſt 
lays of March, 177 5: wherefore it was thought beſt in the 
interim to try, what might be the expanſion of a column 
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of quickſilver, carefully put into the tube, but not boiled 
therein? 
With this view, the ſtandard barometer and apparatus 
were left out during the night of the 29th, that they 
might acquire the ſame temperature, which was found 
next morning to be 34*;; the unboiled quickſilver ſtand. 
ing resth of an inch higher than that which had been 
boiled. The lamps being applied to the veſſel, the 
lengthening of the unboiled column was perceived, on 
the whole, to be more irregular, and the progreſſive di- 
minution quicker, than in former experiments; ſo as to 
give, for the maximum of expanſion, only. 443 for 180, 
On the morning of the 31ſt, the unboiled column, 
which on the preceding day had been the higheſt, was 
lower than the other by near g ths of an inch, the terape- 
rature of both being 3152. As the water acquired heat 
from the application of the lamps, the rate of expanſion 
diminiſhed; and, at boiling, was only. 40 5 for 180%. The 
operation of the zoth ſeems. to point out, in a manner 
ſufficiently concluſive, that the air contained in the un- 
boiled quick filver, rendered its ſpecific gravity leſs, than 
that which had been boiled even a great while before; 
ſince it required a longer column of the firſt, to counter- 
balance the weight of the atmoſphere. And though the 


vacua might poflibly, at the beginning, have been equally 
compleat 
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compleat in both; yet they could not continue long ſo: 
for the air eſcaping gradually from the unboiled quick-- 
flver, its elaſticity increaſing with the heat, and uniting 
with the quick filver vapour, muſt have reſiſted the dila- 
tation of the column, and rendered it leſs than on for- 
mer occaſions; which actually appeared from experi- 
ment. This is farther confirmed by the obſervations of the 
ſubſequent day; for now the unboiled column was be- 
come the ſhorteſt, owing no doubt to more air having 
aſcended, and rendered the vacuum ſtill more incom-- 
pleat. Thus, the cauſes of reſiſtance increaſing, the di- 
latation is leſſened in a ſuperior degree. 

The other circumſtances to be mentioned, occurred on 
the 12th of April. After finiſhing one of the experiments 
of the ſecond claſs, and when the water had cooled to 192, 
the veſſel, by accident, received a {ſudden jolt, whereby 
the mouth of the tube muſt have been raiſed, for a mo- 
ment, out of the quickſilver in the ciſtern. In a few mi- 
nutes after this, intending to obſerve how far the column 

had ſhortened from the decreaſing heat, I was ſurprized 
n WW to find, that the quickſilver had wholly diſappeared in 
e; ¶ the tube, and was ſunk ſo low as not to be ſeen by looking 
I- obliquely down at the eye of the veſſel. It was then cer- 
ae nin that air, and probably a particle of moiſture along 


ly I Vith it, had afcended into the upper part of the tube, 
at whereby 
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whereby the vacuum was deſtroyed in ſo remarkable: 
degree. Since this accident made it neceſſary to reboil 
the quickſilver, the water (then between 180? and 190") 
was let out by the cock fixed for that purpoſe at the 
bottom of the veſſel; but before it could be intirely 
drawn off, the tube and its contents, had ſo ſenfibly felt 
the condenſing force of the ſurrounding atmoſphere, 
then about 48?, that the quickſilver had riſen again, and 
preſented itſelf oppoſite to the eye of the veſſel, ſome- 
thing lower indeed than where it formerly ſtood. On 
this diſcovery, and as ſoon as water could be boiled for 
the purpoſe, the veſſel was filled again, when the quick- 
ſilver ſubſided, as before, quite out of ſight; and on draw- 
ing off the water a ſecond time, it roſe anew, ſeemingly to 
its former height. 

The appearance, which this accidental circumſtance 
produced, was ſuch, as naturally ſuggeſted that farther 
experiments might have been made, varied as much as 
poſſible from each other, by the admiſſion of different 
quantities of air, or of air and moiſture intermixed. But 
the nature of the veſſel rendering it impoſſible to ſee, 
and conſequently to meaſure, the motion of the quick- 
ſilver, occaſioned by the alternate expanſion and conden- 
ſation of the elaſtic vapour contained in the upper part 
of the tube, and which could not have been accom- 

pliſhed 


4 
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pliſhed without many troubleſome alterations in the ap- 
paratus, therefore nothing of the kind was attempted. 


From the circumſtances juſt now mentioned, it will be 


readily conceived, how much care is neceſſary in ope- 
rating with barometers for the meaſurement of heights, 
that the vacua be as nearly as poſſible compleat; and par- 
ticularly, that no moiſture get up into the tube. I now 


proceed to the fourth and laſt fet of experiments. 


Having found, from the two firſt ſets of this claſs, the 


rate of expanſion of a column of quick 1ilver, in the tube 


of a barometer of the ordinary length, to be progreſſive 
and not arithmetical; and that its maximum, for the 180 
comprehended between feeezing and boiling, was leſs. 


than had been ſuppoſed; I thought it proper to try, by 
means of artificial cold, whether the condenſation, for the 


32* below freezing, followed nearly the fame law ? 


For this purpoſe the tin veſſel, containing the ground 
tube, was rammed quite full of pounded ice and falt, as 


well as the tin ſtand holding the iron ciſtern below. In 


this operation, twelve pounds of ice and four pounds of. 
ſalt were employed, whereby the mean temperature of 
the mixture was reduced to + 4* of FAHRENHEIT. But be- 
ore the eyes of the veſſel could be {aſhciently freed 


from the compoſition, ſo as to permit the furrace of the 


column to be diſtinctly ſeen and read off; it had riſen to 
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ſurface of the quickſilver. The mean temperature of the 
mixture was now +42, and that of the ſtandard barome- 


difference of 4 5*;, was ==; or. 1594, when reduced fo 
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that the condenſation of a column of 30 inches of 
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+14*; the temperature of the air, and alſo of the ſtandar; 
barometer, being at the ſame moment 49. The oh. 
ſerved condenſation, ariſing from this difference of 3 5% 
was ths of an inch; or .1189, when reduced for the 
height of the barometer, which then ſtood at 30.296, 
Hence the condenſation for 32* is .1072, or. oo 335 for 
each degree. In this day's experiment, when the tem pe- 
rature of the mixture had riſen to 329, that of the air 
and ſtandard barometer was 5 2˙; whence the reduce( 
difference, for the 20 between 32* and 52% was found 
to be .0664, anſwerable to former experiments. 

The ſame experiment was repeated two days after, 
with great care, the veſſel being filled no higher than the 


ter 49*;. The reed condenſation, ariſing from this 


the height of he barometer, then ſtanding at 30,416 
hence the rate for 32* is . 1127, Or .003,522 for eacl 
degree. When the temperature of the mixture had 
riſen to 32*, that of the air was 51*: whence the aug 
mented rate for the 20?, between 32 and 5 25 was foun 
to be. 0662. 


From the mean of theſe two experiments it appears, 
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quickſilver in the barometer, affected by the 327 of cold 
delow freezing, is.. 1099: and that the expanſion from 
20? of heat, between 327 and 525, is. 0663, a number 
agreeing perfectly well with former reſults. If the con- 
denſation . 1099 thus found, be added to the expanſion 
5117 ariſing from the ſecond claſs of experiments, we 
ſhall have . 62 1 6 for the total difference of height of the 
columns of quickſilver in two barometers, ſuſtaining the 
ſame preſſure, but differing from each other in their tem- 
peratures 212 of FAHRENHEIT's thermometer. 

The ſeries of numbers expreſſed in the annexed table, 
agreeing in all effential reſpects with the expanſions 
found by experiment, will therefore ſhew that which 


correſponds to any intermediate temperature, for every 
10* of the fcale. 
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of FAHRENHEIT; equation to be ſubtracted from 


the height of the column of quickſilver of 30 inches, 


_—— 


Expanſion above 32* 


ded. 


Condenſation be- 
low 329 of FAn- 
tion to be ad 
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Temperature, 


212 


202 
192 
182 
172 
162 
152 
142 
132 
122 


112 


102 
92 
82 
72 
62 
52 
42 
32 


22 


12 
2 
O 


Rate of — of a column of quick fil ver in the tube 


of a Wer. 


Expanſions. 


5117 
4888 
4652 
4409 
4159 
3902 
3638 
3367 
3090 
2807 
2518 
2223 
1922 
1615 
1302 
0984 
0661 
0333 
.0000 
0338 
0681 


1029 
.1099 


0277 


0070 


Differences. 2d Differences, 


0 243 
0250 
0257 


0264 
0271 


— 


0283 | 
0289 
0295 

0301 
0 307 
0313 
0318 
0323 
0328 
0333 
0338 ſ 
0343 | 
-0348 | 


* 


— 
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eon hrucliom and application of the table of equation, for 
the expan/ion of the quickfitver in the tubes of baro- 
meters. 


In the introduction to this paper there was occaſion to 
remark, that in the application of the barometer to the 
meaſurement of heights, various modes of calculation 
had been adopted. The eaſieſt and beſt method ſeems 
however to be, by means of the tables of common loga- 
rithms, which were firſt thought of by Mr. MARIOTTE, 
and afterwards applied by Dr. HALLEY, Mr. BOUGUER, 
Mr. DE Luc, and others. They have all proceeded on 
the ſuppoſition, that air is a truly homogeneous and elaſ- 
tic fluid, whoſe condenfations being proportionable to 
the weights with which it is loaded, its dilatations are in 
the inverſe of the weights; and in conſequence of this 
law, that the heights of the atmoſphere aſcended, are in 
geometrical progreſſion, while the correſponding ſuc- 
ceſſive deſcents of the quickfilver in the tube of the 
barometer, are in arithmetical progreſſion. 

Mr. dE Luc makes ule of an arithmetical or uniform 
equation for the heat of the quickſilver in his barome- 
ters, whereby their relative heights are reduced to what 
they would have been in the fixed temperature of 5454 
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of FAHRENHEIT. In the formulæ adapting his rule to 


Engliſh meaſares (Phil. Tranſ. vol. LXVII. N* xx. and 
xxx.) hath been ſhewn, that the eaſieſt and ſimpleſt me- 
thod is, to make the difference of temperature of the two 
barometers the argument for the equation; and that it is 
ſufficient to reduce either column to what would have 
been its height in the temperature of the other. But 
whatever may heretofore have been the method of uſing 
the equation for the heat of the quickſilver, while it was 
conſidered as arithmetical; now that it hath been ſhewn, 
from the preceding experiments, to be progreſſrve, there 
ſeems at leaſt to be propriety in applying to each baro- 
meter the equation anſwering to its particular tempera- 
ture. And though, for this purpoſe, any fixed tempera- 
ture might have been aſſumed at pleaſure, as that to 
which both barometers were to be reduced; yet, the 
freezing point being fundamental in all thermometers, 
and that being likewiſe the zero of the ſcale for the equa- 
tion depending on the heat of the air, as will be ſhewn 
hereafter, it hath been preferred to any other. 


From the experiments it appears, that a column of 
quickſilver of the temperature of 329, ſuſtained, by the 


weight of the atmoſphere, to the height of 30 inches in 
the barometer, when gradually affected by different de- 


grees of heat, ſuffers a progreſſive expanſion; and that, 
having 
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having acquired the heat of boiling water, it is lengthened 
$117. parts of an inch : alſo, that the ſame column, ſufferin g 
z condenſation by 320 of cold, extending to the zero of 
FAHRENHEIT, is ſhortened 7222; parts, the weight of the 
atmoſphere remaining in both caſes unaltered; but that, 
in the application of the barometer to the meaſurement of 
altitudes, ſince the preſſure and length of the column 


change with every alteration of vertical height, the 


equation, depending on the difference of temperature of 
the quickſilver, will neceſſarily augment or diminiſh by 
a proportionable part of the whole. Thus, if the weight 
of the atmoſphere ſhould at any time be ſo great as to 
ſuſtain 31 inches of quickſilver, the equation for dif- 
ference of temperature. will. be juſt th part more than 
that for 30 inches; at 25 inches it will be :ths; at 20 
inches zds; at 15 inches z; and at Io. inches only d of 
that deduced from experiment. 

It is upon theſe principles that the annexed table of 
equation hath been conſtructed, for differences of tem- 
perature extending to 1022 of the thermometer, and for 
heights of the barometer from 15 to 31 inches; beyond 
which limits, it is not probable, that many barometrical 
obſervations will be made. The firſt or left-hand co- 
lumn, ſhews the height of the barometer for every half 


inch, from 31 to 25; thence for every inch downwards 
to 
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to 20; the 15th inch being half of the obſerved expan. 
fion. The five next columns towards the right, compre. 
hend the additive equation for condenfations, anſwering 
to o, 122, and 225 with their intermediate differences; 
thoſe that are progreſſi ve, as ariſing from difference of 
temperature, being ranged horizontally; and thoſe that 
are arithmetical, as depending on the height of the ba- 
rometer, being placed vertically. The temperature of 
32* requires no equation, and the thirteen columns from 
thence towards the right hand, contain the ſubtractive 
equations for expanſion, correſponding to every 10 az 
far as 1025, with their progreſſive and arithmetical dif- 
ferences ranged as before. By means of theſe differences 
the equation for intermediate temperatures may read 
be taken out by inſpection. Hence is deduced the fir 
part of the rule for meaſuring heights by the barometer, 
When the temperature of the quick filver is below 32* dl 
FAHRENHEIT, add the correſponding equation for con- 
denſation to the obſerved heights of the columns reſpec- 
tively; when above 3 25 ſubtract the equation for expan- 
ſion from the obſerved heights of the columns reſpec- 
tively; with which equated heights of quickfilver, e 
preſſed in Ioooth parts of an inch, the tables of logo 
nthms are to be entered. 


Table 


Table, ſnewing the equation to be applied to the qfferv 


temperature extending to 102 of FAHRENHEIT: Hier 


* 


— —-„V 


[Obicrved | 
height of | Condenſation below 32"; ; Equation to be added to the 
quickſil- | height of the quickfilver i in the barometer, | 
ver 1n the — — 
Barom. O Piff. BT wy Diff. | 22 32 
31 1.1136 |] 1.0432 0704 1 0355 0349 |) |5 1? 
301 1118 0425 [0693 | 0349 |-0344 | 55 * | 
30 . 1099 0418 [0681 483439338 | „ 4.008 | 
( = 
294 |.1081 [.0411 |.0670 | 0338 [.0332 || |2 |.03F 
29 |.1063 | | 2495 0658 [.oz31 |.0327 E = .03Þ | 
283 . 1045 .|.0398 |-c647 || |-0326 |.0321 || © » S|.0z 
CO — | BT: 8 
28 1026 8 0390 . 0636 8 0321 J.0315 8 2 |-03 
271 |.1008 4.0384 | .o024 *|.0314 |.0310 "| = "= | 03 
| > © 
27 .|-0990 || [0377 0613 0309 J. 304 S FI 
264 1.0971 0370 J. 0601 .0302 J. 299 2 F 02 
26 [0953 .0363 |.0590 029) |.0293 . Z 
253 |-0935 0356 |-0579 D292 |.0287 beth - 
25 0916 , 0349 |-0507 |. 0285 |.0282 J 5 - 
24 |.o880 |] 0336 |-9544 |) 0273 |.0271 2 = 
23 |.0843 S 0321 |.0522 2 .0263 |.0259 || 2 8 
22 0807 8 0408 . 399 8 0251 l. 0248 8 . 
21 077 | 1.0294 | 0476 0239 |.0237 E 
ent 
20 0733 |y 2.0280 . 0453 £|.0228 |.0225 75 5 
I is [.0550 | 81.0211 |.0339 15 0170 9169 os | 
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Served height of quickſilver in the barometer, from 15 to 31 inches; and for differences of 


Thereby the column is reduced to the height it would have ſtood at in the temperature of 32“. 


Expanſion above 32*; Equation to be ſubtrated from the height of the quickfilver in the Barometer, 
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339 
0333 
. 0328 
0323 
0317 
0312 
0306 
1.0301 
295 
0290 
0284 
0279 
0273 
0203 
0252 


0241 


0230 
+0220 J. 


0165 


Diff. 


Dif. | 


1 


001102 


0334 
0328 
0323 
0318 
0312 
0307 
0301 
0296 
0291 
0285 
0280 
9275 
0269 | + 
0258 
0248 
0237 
0226 
0215 


10161 


00164 


0328 
0323 
0318 
0312 
0307 
0302 
0297 
o291 
0285 
0281 
0275 
0269 
0265 


0254 
0243 


0232 


Diff. 


0324 
0319 
03141. 
309 
0304 
0298 
0293 
1.0288 
0283 
0277 
0272 
0267 
0201 
0252 
0241 
0231 
0220 
. 0210 


0158. 


Dit. | 92? Diff. 
0317 1980 031¹ 
0312 8.1954 . 0306 
0306 [. 1922 030¹ 
0301 [1850 0296 
0296 [1858 0291 
0291 [. 1826 4.0286 
02861794 0281 
028111762 0276 
0276 [. 1730 0271 
02711698 0266 
0266 . 1666 0201 
.0261 |.1634 0250 
0256 . 1602 0251 
0245 . 1538 0240 
0235 1474 0230 
|.0225 |.1410 0220 
0215 l. 1346 0210 
0204 | 1281 0201 
0961 0150 
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Experiments on the eapanſion of air in the Manometer. 


WITH reſpect to order of time, the manometrical 
experiments were made ſubſequently to the chief part of 
the barometrical obſervations, from which alone an ap- 
proximate rule had previouſly been deduced for the mea- 
ſurement of heights: nevertheleſs, in this paper it ſeemed 
to me beſt, that what related to the expanfion of air in 
one inſtrument, ſhould immediately ſucceed the expan- 
hon of quick filver in the other. 

The thermometer made uſe of in theſe experiments 
5 above four feet long. Its ſcale extends from — 4* to 
+224* of FAHRENHEIT, each degree being more than 
=ths of an inch: when the barometer ſtood at 30 inches, 
its boiling point was fixed in the tin veſſel formerly de- 
icribed, Mr. RAMSDEN'S thermometers generally riſe in 
the ſame veſſel 213%; and the long thermometer, being 
| Placed in the veſſel he makes uſe of to fix his bothng 
| Points, riſes only to 210“. 
| The manometers were of various lengths, from four 
to upwards of eight feet: they conſiſted of ſtraight tubes, 
5 whoſe 


22 ux 


Il 
1 
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whoſe bores were commonly from th to th of an 
inch in diameter. The capacity of the tube was care. 
fully meaſured, by making a column of quickſilver, about 
three or four inches in length, move along it from one 
end to the other. Theſe ſpaces were ſeverally marked, 
with a fine edged file, on the tubes; and transferred from 
them to long flips of paſte-board, for the ſubſequent 
conſtruction of the ſcales reſpectively belonging to each, 
'The bulb, attached to one end of the manometer at the 
glaſs houſe, was of the form of a pear, whoſe point being 
occaſionally opened, dry or moiſt air could be readily ad- 
mitted, and the bulb ſealed again, without any ſenſible 
alteration 1n its capacity. 

The air was confined by means of a column of quick- 
ſilver, long or ſhort, and with the bulb downwards or 
upwards, according to the nature of the propoſed expe- 
riment. Here it muſt be obſerved that, from the adhe- 
ſion of the quickſilver to the tube, the inſtrument will 
not act truly, except it be in a vertical poſition; and even 
then, it is neceſſary to give it a ſmall degree of motion, 
to bring the quickſilver into its true place ; where it wil 
remain in equilibrio, between the exterior preſſure of 
the atmoſphere on one ſide, and the interior elaſtic torct | 


of the confined air on the other, 
All 
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All the experiments were made when the barometer 
was at, or near, 30 inches. When the bulb was down- 
wards, the height of the barometer at the time of obſcr- 
ration, augmented, and when upwards, diminiſhed by 
the number of inches of quickſilver in the tube of the 
manometer, expreſſed the denſity of the confined air. 

Pounded ice and water were uſed to fix a freezing 
| point on the tube; and by means of ſalt and ice, the air 
was farther condenſed, generally four, and ſometimes 
five or ſix degrees below zero. The thermometer and 
manometer were then placed in the tin veſſel, among 


water which was brought into violent ebullition; where 
having remained a ſufficient time, and motion being 
given to the manometer, a boiling point was marked 
thercon. After this the fire was removed, and the gra- 
dual deſcents of the piece of quickſilver, correſponding 
to every 20 degrees of change of temperature in the ther- 
mometer, were ſucceſſively marked on a deal rod ap- 
plied to the manon'eter. It is to be obſerved, that both 
inſtruments, While in the water, were in circumitances 
perfectly ſimilar; chat i to ſav, the ball and bulb were 
at the bottom of the veii. l. 

In order to be certain that no air had cicaped by the 
ſide of the quick tilver during the operation, the mano- 
All meter was frequentiy placed a ſecond time in melting 
VOL. I. XVII. | 4 U ice. 
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ice. If the barometer had not altered between the he. 
ginning and end of the experiment, the quickſilver a. 


ways became ſtationary at or near the firſt mark. If any 


ſudden change had taken place in the weight of the at. 


moſphere during that interval, the ſame was noted, and 


allowance made for it in afterwards proportioning the 


{paccs. 


Long tubes, with bores truly cylindrical or of any 


uniform figure, are ſcarcely ever met with. Such hows 


ever as were uſed in theſe experiments, generally taperet 


in a pretty regular manner from, one end to the other, 


When the bulb was downwards, and the tube narrowel 


that way, the column of quickſilver confining the air 


lengthened in the lower half of the ſcale, and aug- 


mented the preſſure above the mean. In the upper hall, 


the column being ſhortened, the preſſure was diminithel 


below the mean. In this caſe, the obſerved ſpaces both 


ways from the center, were diminiſhed in the inverſe 


ratio of the heights of the barometer at each ſpace, com- 


pared with its mean height. If the bore widened to- 


wards the bulb when downwards, the obſerved {paces 


cach way from the center, were augmented in the ſame 


inverle ratio; but in the experiments on air leſs denſe 


than the atmoſphere, the bulb bein g upwards, the {ams 


equation was applied with contrary 1igns: and if an} 
6 CXxtra- 
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extraordinary irregularity took place in the tube, the cor- 
reſponding ſpaces were proportioned both ways from 
| that point, whether high or low, that anſwered to the 


| mean. 
The obſerved and equated manometrical ſpaces being 


| thus laid down on the paſte-board containing the mea- 


proportion to the ſections of the bore, were conſtructed 
aong- ſide of them: hence the coincidences with each 
other were eaſily ſeen; and the number of thermome- 
trical degrees anſwering to each manometrical ſpace, 
readily transferred into a table prepared for the purpoſe. 

I have already had occaſion to remark that, from the 
operations of the barometer alone, an approximate rule, 
or mean equation, had been obtained for the meaſure- 
ment of heights; but as, among the reſul:s, irregularities 
were now and then met with, doubts naturally aroſe, 
whether the equation, inſtead of being conſidered as uni- 
form, might not follow an increafing or diminiſhing pro- 
greſſion? Without an infinite number of obſervations, 
Wi very different temperatures .above and below the zero 
"© the ſcale, this point could not poſſibly be determined 
e by the barometer: wherefore the firſt and chief thing 
bopoſed to be diſcovered by the manometrical experi- 


7 nents was, whether common air, occaſionally rendered 
* 4 U 2 More 


| fures of the tube; the 21 22 of the thermometer, in exact 
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more or leſs denſe, by the addition or ſubtraction of 
weight, expanded equally with quickfilver, when af. 
fected with the ſame degrees of heat? According to the 
ratio that took place between the expanſion of quick]. 
ver and air, above and below zero, I intended to regulat: 
the barometrical equation already found, without re. 
garding the proportion of the bulb to the bore of the 
manometer; or in other words, without paying any at- 
tention to the actual expanſion of the air confined in that 
inſtrument. 

But after a great number of theſe firſt experiment; 
had been made, it was judged proper to compute the 
actual expanſion of IoOO equal parts of air in the ma- 
nometer, from a heat of 212*; wherefore, in the laſt, the 
accurate capacity of the bulb, with reſpect to the bore, 
was determined; at the ſame time that the original mode 
of comparing the thermometrical with the manometrica 
{naces, was ſtill adhered to. 

It is eaſy to conceive in experiments of this very de- 
licate nature, part of which, namely thoſe on air le 
dente than the atmoſphere, were extremely difficult and 
even laborious, that mathematical exactneſs was not to be 
looked for; and that, notwithitanding every poſh ble pre- 
caution was taken, irregularities would occur. 'Thele, 
however, were not ſo numerous as might have bee! 

1 expected 
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expected, nor any way ſo great as to render the reſearch: 


fruitleſs : for a few of that kind being thrown out of the 
tal number, the mean of the others, which were very 
conſiſtent among themſelves, ſerved to prove beyond the 
poſſibility of doubt, that the expanſions of common air 
lid not keep pace with the dilatations of quickſilver. 
The manometrical ſpace, anſwering to the 20 of the 
thermometer between 5 2* and 7 2?, was always found to 
be greater than any other 20 of the ſcale. Here it is to 
be underſtood, that I do not pretend to have aſcertained. 
the exact point in that ſpace where the maximum falls: 
the mean correſponds to the 62d degree, and yet I am 


F inclined to think that it is ſomewhat lower, perhaps it 


may be about the 57th: from this point, the condenſa- 
tions of air downwards, and its expanſions. upwau .'s, fol- 
lou a diminiſhing progreſſion, compared with the con- 
denſations and dilatations of quick ſilver. The mano- 
metrical are equal to the thermometrical ſpaces, in two- 
points of the ſcale; namely, at or near the freezing tem- 
perature on one ſide, and between. the 112* and 1524 
degrees of the ſcale on the other. At the zero and boil- 
ng point they are leſs than the thermometrical ſpaces. 
Vhether this maximum of expanſion of air, compared 
th that of quickſilver, be owing to moiſture, or any 

thing 
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thing elſe mixed with the former, which is brought int, 
its greateſt degree of action, about the temperature 0. 
57 of FAHRENHEIT, muſt be left to the inveſtigation; 
of future experimenters : I only relate things as I found 
them after many repetitions, without being able to dif. 
cover any material difference in the refults, even when 
the air was rendered more or leſs denſe by an addition 
to, or ſubtraction from, the weight wherewith it wa 
loaded. The thermometrical, compared with the mano- 
raetrical ſpaces, will therefore appear as in the following 
table. 


Spaces 


meaſuring Heights with the Barometer. 697 
Spaces of the quickſilyer Spaces of the manometer, 
thertnometer, FAHREN meaſured in degrees of 
HEIT's ſcale. FAHRENHEIT. 

© 0 
212 212 
20 17.6 
. 194.4 
20 18.2 
172 176.2 
20 18.8 
152 157.4 
20 19.4 
132 138.0 
20 20.0 
112 118.0 
20 20.8 
92 97.2 
20 21.6 
72 75.6 
20 22.6 
52 53.0 
20 21.0 
32 31.4 
20 20.0 
12 11.4 
Q- O 
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Experiments, for determining the actual expanſion of com. 
mn air, in the manometer, affected by the heat of 219 


For this purpoſe it became neceſſary to aſcertain, in 
every manometer, the exact proportion between the ca- 


pacity of the tube and that of its bulb. This was done, 
by weighing the quick iilver that filled them reſpecti.eiy, 
in a balance that was ſenſible to a very ſmall fraction of 


oe. 
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a grain. The contents of the bulb, and that part of the 
tube between it and zero, expreſſed in grains, was called 


the air in experiment. The apparent expanſion of that air 
was meaſured, by the grains that filled the ſeveral ſections 


} of the tube between zero and the boiling point; the ſun 
l being the total expanſion or increaſe of volume, from: 


heat of 212% The apparent expanſion, thus found, wi 


—_ 44 , 
— - — 


— 


again augmented for the dilatation of the tube, on th 
following principles. 


In the firſt part of this paper I have ſhewn, that ſoli. 


— —— — 


glaſs rods dilate much leſs than barometer tubes. Ti 


mean between Mr. sMEAToN's and my experiments, g1\6 


- 
. —— =_ — 
EFF - hy r 


of an inch for the longitudinal extenſion of cv 


foot of theſe tubes, by 212% From the rate of going © 


2 clock, for near a vear, whoſe pendulum rod is ſoll 


* ” pu m | 1 5 TP” 
2laſs,its dilatation ſeems tobe one-third part of a ſtecl 70 
vi 
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or s on a foot, by 2125. Now, as the manometers re- 
ſemble ſolid rods much more than they do barometer 


tubes, it is probable their dilatation, even allowing for the 
greater extenſion of the bulb, would not exceed —*—ths of 


n inch on a foot, or th part on every two inches. In 
this ratio I have therefore augmented the appareat, to 
obtain the true, capacity of each manomcter. The equa- 
tion, amounting to about th part of the whole, being 
leſs than the common error of ſuch complicated obſer- 
vations, might in fact have been entirely omitted, with- 
out producing any material alteration in the reſults. 
Having, 1n this manner, computed the total increaſed 
volume of any number of equal parts of air (according 
to the capacity of the bulb and tube in grains) and very 
often likewiſe the partial expanſions for intermediate 


temperatures, expreſſed by the contents of the correſ- 
ponding ſections of the tube, I then found the ratio 
anſwering to 1000 equal parts, which, being divided by 
tie degrees of difference of temperature, gave the mean 
fate for the whole ſcale, or the particular rate for any 
atermediate ſection of it. 


The experiments, con ſidered in this way, are diſtributed 
ng oF rt four claſſes, whereof the reſults are comprehended 
(Old inthe four following tables. The firſt ſhews the expanſion 


1700Y# air, whoſe denſity was much greater than that of the 
Lor. LXVII. 4 X common 
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common atmoſphere. The ſecond, which is divided ini 
two ſets, contains thoſe on air that ſuſtained a prefſun 
teſs than the atmoſphere. In the third claſs, a very ſhor 
column of quickſilver being employed to confine th 
air, its denſity differed little from that we commonh 
breathe in: this claſs is likewiſe ſubdivided into two ſe 
and it will hereafter be made uſe of to regulate the equ; 
tion depending on the temperature of the air, in the ap 
plication of the barometer. The fourth and laſt claſs a 
experiments, were made on air of the common denfit 
artificially moiſtened by the admiſſion, ſometimes « 
ſteam, and at others of water, into the bulb; it 1s accort 
ingly diſtinguiſhed into two ſets. 


TABLE 1. Reſults of experiments on the expanſion of ai 
whoſe mean denſity was equal to 2+ atmoſpheres. 


[Height of Inches of Denfity Total expan- | Mean rate 


| the baro- | quickfilyer in hon of 1000 for each 
| Ne * 3 equal parts of 
meter. contining | inches, | air by 212%. degree. 
I. | 29.7 Þ+ 72. 101.7 451.54 2.12991 


2 | 29.7 + 62.6 92.3 423.23 1.99637 
3 29.62 + 50.84 80.46 412.00 | 1.94382 
4 | 29.66 | +24.88 | 54.54 | 439.87 2.07480 | 
5 | 29.66 +20.05 | 49-71 443-24 2.09075 


——ñ— —— — 


2 5 Mean, | 75.74 | 434.00 | 2.04717 | 


I re ti... At... A 


TABL 


If * 
CF % 


TABLE II. Reſi 
common atn 


about one-fi 


Height | 
of the 
Ns [barom. 


F T1 | 29.85 
2 | 29.76 
3 | 29-79 

.. 
5 


Sceco lil 1ct. 
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TABLE IT. Reſults of experiments on the expanſion of air of the denſity of five-fixths of th- 


common atmoſphere; and of others on air that was extremely rare, being only preſſed with 
about one-fifth of an atmoſphere. 


8 


Firſt ſet. 


.— — — — — —— — ——— - 


— 


5 wy Denſity e 1 2 rate Expanſion for intermediate temperatures. 
of the] o in 55 . or each — ED 
I , . qual 0 8 5 N 
Ne |barom. = inches, A degree. From o 32 $2 72 g2* 432 172 
* [filver. w-32 | 1©-82, |: w 92 to 92* | to 132” | to 172” | to 212® 
— — | _ * g „ 
6 1 29.85 —5.44 2441] 495-455 2.33705 —— Not obſer vet. | 
2 | 29.76]—3 o5| 26.71] 504.340 | 2.37896 || 2.27190] 2.41666 2.64060| 2.55200] 2.46040] 2.31850] 2.20748 
. 
3 | 29-79 |—0.53| 29.26] 470.32 2.21849 || 1.90437 | 2.48150| 2.63150| 2.59650| 2.15050| 2.12000 | 2.10925 
4 | 30.09 |—5-43] 24.66 469.07 | 2.21259 || 2.32688 | 2.53450| 2.66250| 2.24800 2.25425| 2.05325| 1.33525 | 
5 | 29.93 |—9.03] 20.30] 479.20 | 2.26038|| 2. 14750 2.49500| 2.59850| 2.247500 | 2.25950 | 2.21375 | 211850 
3 ky * IN ; 
4 Mean, 25.17| 483.677 | 2.28140 | 2.16266 2.48191 2.63327 | 2 41087| 2.28116 2.17637 | 2.06762 
| Difference of temperature. | Total cx- | Mean 
panſion. rate. 
2 OY 
0 O 0 
: on 1131 from 484 to 162 | 244.604 | 2.15510 
| 6 J Experiment in a heated room in Philpot lane, February 25, baro- : 81 | 6 : 6 | 
meter 30.03 — 4.82 =25.21 the denſity of the air, — 514 * „ 
62 100 1562 118.293 | 1.90800 | 
In Philpot lane; tube with a ſmall bore; barometer 30.03 — 23.2 on 1131 from 48 to 162 138.75 3 
6.77 the denſity. The air had been heated red-hot in the bulb I 48% 1014 1.93 1.41039 
before it was ſcaled . ” i 7 
, wk 25 601 1011 162 66.82 | 1.10446 
The expanſion for 2125, at the mean rate, would be — — — — 259.164 | 
con 212 — — 330.487 1.5 5890 
* | 32 above zero, 44+574 | 1.39294 | 
8 In Pulteney ſtrect, February 28th; with the ſame manometer that! 20 from 32 to 52 37-771 | 1.88855 | 
| had been uſed in the ſame experiment in Philpot lane, barometer + g of 720 
4 30.08 — 23.2 6.88 the denſity of the air, — — | 52 of 139-194 | 1.74730 
| 60 132 192 94.804 | 1.58007 
EZ. [4 192 212 13.554 | 0.67770 
q on 180 from 32 to 212 141.504 | 0.78617 
20 32 52 17.945 | 0.89225 
20 52 72 25.943 | 1.2971: | 
| 20 72 92 20.911 1.04 50 
| In Pulteney ſtreet, April 19th; tube with a large bore, barometer 20 92 112 14-937 | 0.74685 | 
9 4 29.8 — 24.08 5. 72 the denſity of the air, which had been heated: Ha 2 | 
red-hot in the bulb before it was ſealed, — — = 23S... #4 hate Bol band 
20 132 152 14.151 0.70755 | 
| 20 152 172 | 14.150 | o. 0750 | 
20 172 192 | 12.264 | 0.61320} 
ME 192 212 7.975 | 0.35375| 
| The Expanſion for 212? at the mean rate would be, — 2 — — 166 660 
en of the three means; denſity 6.46, expanſion for 2122 - — 297194138917 
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\3LE III. Reſults of experiments on the expanſion of 
air of the denſity of the common atmoſphere. 


— 


2 the | Inches of Den tyTotat expanſion] Mean rate 


of the | quickfilver | in of 2000 <qual] for each 


Ne |barom. |contining the| inches. 3 * degree. 


alr, 


\ — 
=_ — — 


1 | 29.95] 71.5) 31.52] 483.89 2.28250 
30.07 0.70 30.77] 482.10 | 2.27406 

29.48 | 40.42 29.90 | 480.74 | 2.26764 
29.90 | +0.83 30.73] 485.80 | 2.29182 
29.96] 40.96 30.92| 48945 | 2.30870 | 
29.90] +0.65 30.55 47604 | 2.24547 
29.95] +065 | 39.60] 487.55 | 2-29976| 
30.07 40 53 30.60] 482 80 | 2.27736 
29 48] +0 52 30.00] 489.47 2.30871 


| 
| 
| 


Firſt ſet; common 
alr, 


A. 


— 


G0 KK +> W #3 


*cond ſet; common { 
ur heated red-hot 


—_— 


— — 


Mean 30.62 484.21 2.28401 | 


— — 


The total expanſion 484.21 being divided into parts 
proportionable to the manometrical ſpaces, meaſured iu 
degrees of the quickſilver thermometer, as already given; 
ve have the following expanſions for intermediate tem- 


peratures, the rates for every 10? below 92* being found 
y interpolation. 


4 X-2 Ther- 


—_ HR — — A” 
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— 


Thermo. |Manome- Total Expan- Difference [Rate for each| 
| metrical | trical |fions for degrees of expan- degree, 1000 
| ſpaces. | ſpaces. | above zero, ö 
| 1000 parts, 3 : et 
3 3 
212. 212. 484.210 40. 199 2.00995 | 
| 192. 194-4 444.011 41.559 2.07795 
1172. 176.2 402.452 42.949 2.14745 
152. 1574 359 583 44.310 2.21550 
132. 138. 315.193 45.680 2.28400 
| 112. 118. 269.513 47.507 2.37535 | 
92. 97.2 222.006 24 211 2.42110 
82. 86.6 197-795 25.124 2.51240 
74. 75.6 172.671 25.581 2.55810 | 
62. 64.4 147.090 26.037 2.60370 5 
52. 53 1 25.124 2.51240 
42. 42. 95-929 | 24211 2.42110 
1 314 71.718 23.297 2.32970 
1 21.2 48.421 22.383 2.23830 
12. 11. | 26.038 | 26.038 2.16983 
| n en : 


Hence222.006—26.038=195.968= 2.4496, 012-45) 
is the mean rate of expanſion for the 80” comprehendel 


between 12* and 92* of FAHRENHEIT. 


TABL! 


. uo. 1 n 8 


—— — — — n 


Height | Inches of Denſity 


| 


n 


1 


| Totalexpa jon 
of the quickſiverf in et 1005 qua) 
N*|barom. | confining ſinches, | e uf 0 
the air, EY 
o 39.16] +1.6 31.76 
; Firſt ſet: fteam ad- es Boos ds + 2.2 | 32-17 
mitted 1nto 2 3 | 30.00 +2.2 | 32.20 
bulb before it was 3 
| — — 4+ | 32-43 + 1.92 32.35 
5 | 30.2 ＋ 1.6 | 31.80] 1999. 
.6 | 30.32] 42.37 32.69 2576.4 
Sccond ſet: a drop of 7] 30.2 +1.3 | 31.50 1135.4 
cold water admitted 
into the bulb before 8 | 39.06] 43.2 | 33.26 B 
it was ſealed. 9 | 30 32] 41.6 31.92 153 
be de Mean, 32.18 1668. | 
Mean of the ſecond, third, and ſeventh, 31.96 | 1298.2 | 
[Mean of the fifth, ſixth, and ninth, 32.14] 2038.0 


— 


— 


— 


1 


of the manometer. 


ne ſepanſion of air, artificially moiſtened, by the admi og of ſteam, and ſometimes wa 


9 wv» 
w 2 3 


into the bulb 


» 


| 132 


8.67750 
10 17500 


8 94400 
9 18950 
12. 29850 


12.7410 


Tube 


9.14350 


9.89494 


9.03583 


$01.62"; - 


| 7.98050 | 


1 
to 1725 to 192” 
11.93000 | 106 $5059 
10.04200 16.578 50 
10. 42950 11.9220 
11.575 50 [25.880650 
16.697590 [19.295800 
16 74000 | 27.843 50 
3.58059 10.9300 
broken. - 
9.71100 | 13.75550 
12,01087 17.090 344 
9.88700 | 13.14550 
11.39500 114.3848320. 20800 


—  — 


— — n eee — — kk ——„— — 
exparſſion| Mean rate Expanſion tor intermediate (emperatures. 
009 equa!! for each — — | 
= 8 degree. from zero 32" 3 vs i 
to 32", to 52? to 725 to 925. to 112. to 132 
2 — 2.059375 | 2.00700 3.02650 | 3.35050 | 4.18300 | 6.48000 
409.44 | 6.64042 2.20250 2.59250 2.90950 3.67650 5.16700 | 6.93300 
350.1Þ | 6.36340 2.20875 2.59100 3.04900 | 3-77559 | 4 36900 | 7.60500 
— 2.20875 2.51450 2.74700 | 3.25500 | 3.73700 | 5.91350 
999-1} | 9-43259 || 2.361875 | 2.51300 2.90400 | 3.84759 | 5.76100 | 7.19450 
576.1þ | 12.15169 2.16250 | 2.55350 3.11600 | 3.72300 f 5.53600 | 7.33500 
1354 | 5.35004 2.22594 | 2.74450 2.90509 3.47750 | 5.41900 | 6.i6050 
— — 2.54962 | 2.03350 2.80859 | 3.78700 | 4.60750 | — — 
538 7.25618 2.02156 2.54250 3.22500 | 3.76500 | 5 41700 | 6.79250 
668, | 7.86854 ; 2.22799 2.58800 2.97228 3.63194 | 4.91072 | 6.86550 
208. | 6.12362 [][ 2.23239 2.04267 | 2.95450 3-04317 4.99500 | 6.90150 
033} | 961349 [[ 2.18198 | 2.53633 3-10167 | 3.778590 | 5.57133 | 7-27533 | 
N' 1. the total expanſion for 192 is 1208.72, whence the mean rate is 6. 29542. 
8 IA 192? 1307.05, — — 7.12005. 
1 — 112 — — 2.19669. 


358.03, 


1993279 | 


Wi - x 


0.25400 


11. oc o 


9.22470 
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From the experiments of the firſt claſs it appears, that 
1000 equal parts of common air, loaded with two at- 
moſpheres and a half, being affected with a heat of 2120, 
:xpands 434 of thoſe parts; that is to ſay, in its dilated 
tate, it occupies a {pace bearing, to that which it origi- 
nally filled, the proportion of 1434 to 1 000: hence the. 
mean rate of expanſion of air of that extraordinary den- 
ſity is 2.04717 for each degree. 

From the firſt tet of the ſecond claſs of experiments. 
it appears, that x 000 equal parts of air, preſſed only with 
ths of an atmoſphere, and ſuffering a heat of 2125, ex- 
pands nearly 484 of thoſe parts, whereof the mean rate. 
for each degree is 2.28140. The maximum correſponds 
to that ſection of the ſcale between 5 2* and 727 and the 
nate tor the extremes is leis than the mean. 

But in the ſecond ſet of this claſs, when the confined 
a* was rendered ſo extremely rare as to be preſſed with 
only one-fifth of an atmoſphere, in which caſc there was 
J- neceſſity for heating it red-hot before it was poſſible 
vo make the quickſilver hang in any tube of a moderate 
Length, the expanſion of 1000 equal parts of air is, by 
ne ſeventh and eighth experiments, diminiſhed to about 
Wo-thirds of the uſual quantity; and by the ninth, it is 


eonſiderably leſs, amounting only to I41.5 for the 1805 
2 com- 
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comprehended between freezin gand boiling, or 0.7861 
for each degree. The maximum ſtill correſponds to the 
{pace between 32 and 72; and the minimum is con. 
ſtantly at the boiling point. 

From theſe three laſt experiments it would ſeem, that 
the particles of air may be ſo far removed from each 
other, by the diminution of preſſure, as to loſe a ye; 
great part of their elaſtic force; fince, in the ninth = 
periment, the heat of boiling water applied for an how 
together, could only make it occupy a ſpace which, com- 
pared with what it filled at freezing, bears the propor- 
tion of 1141.5 to 1000, 

From the third claſs of experiments it appears, that 
common air, preſſed with a fingle atmoſphere, whether 
taken into the manometer in its natural ſtate, or heate 
red-hot therein, has the ſame expanſion with air of only 
five-ſixths of that denſity: for xo000 equal parts of thi 
air expanded 484.21 from 212* of heat, whereof the 
mean rate is 2.28401 for each degree. By comparing 
this reſult with that of the firſt claſs, and again with tha 
deduced from the ſecond ſet of the ſecond claſs, it woull 
ſeem, that the elaſtic force of common air is greater thut 
when its denfity is conſiderably augmented or dim! 
niſhed by an addition to, or ſubtraction from, the eig 

6 


$ 1 
5 
\\ if! 


meaſuring Heights with the Barometer. 709 


vith which it is loaded'//; for, in the firſt caſe, it bears 
the proportion of 484 to 434; and in the laſt, it is (from 
the 


77 This difference between the elaſtic force of common air, and that which 
; a;tificially rendered more or leſs denſe, by the addition or ſubtraction of 
weight, particularly the latter, is truly remarkable, and contradicts the expe- 
nence of BOYLE, MARRIOTTE, &c, It could not ariſe from the adhefion of 
the quickfilyer to the tube, though in the denſe experiments a column of 72 
inches was once made uſe of; becauſe the conſtant motion given to the mano- 
meter before the ſpaces were marked, muſt either have prevented any irregu- 
larity whatever, or made the apparent expanſion ſometimes too great, and at 
others too little, But the rare experiments ſerve to put this matter out of 
doubt; for if the adheſion of the quickfilver to the tube had tended to leſſen 
the apparent expanſion of the air, beneath the truth in one caſe, it muſt have 
had a direct contrary effect in the other, and augmented it above the truth, 
which 1t evidently doth not. 

Theſe experiments on the expanſion of air leſs denſe than the atmoſphere, 
were extremely difficult and troubleſome; and it was not till after ſeveral 
ſruitleſs attempts that, with the aſſiſtance of Dr. Linp, an apparatus was pre- 
pared for mak ing them with ſufficient accuracy. The veſſel employed for this 
purpoſe was made of the braſs tube of a large teleſcope, near four inches in 
diameter; it was divided into four pieces, which, when ſcrewed together, made 
a pot of fix feet in height. This was mounted on a platform laid over the 
area rails, for the reception of the manometer, which was placed therein, with 
the bulb uppermoſt, the lower extremity of the tube paſſing through a focket at 
the bottom of the veſſel, and then through a collar compoſed of many thick - 
neſſes of flannel, By means of a braſs plate and three long ſcrews, the collar was 
made to embrace the tube ſo cloſely, as to ſuffer very little water to pals: ſuch as 
did iſſue, oozed off along the ſides of a paper funnel, bound round the end of 
the tube, without entering into the bore, In this poſition, it required ſome degree 
of force to puſh the manometer up, or draw it down, till the top of the quick- 
ſilyer confining the air, juſt appeared without the collar, ſo as to admit the 
ſpaces to be meaſured, from a fixed point marked on the tube. The veſſel being 
Alled with * water, was kept to that temperature by means of lamps ſuſ- | 

pended 
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the mean of three experiments) as 484 to 252, When 
preſſed with only one-fifth of an atmoſphere. 


i The 


| pended around it. Two thermometers were made uſe of; the long one, 1g: 
| -ball ſtood at the bottom; and a ihort one at the top, that deſcended no long 
| than juſt to be immerſed in the water. By ſome of the firſt of theſe exper. 
| ments, the lamps not being placed directly at the bottom, water was perceird 
! to be a very bad conductor of heat; for it would boil violently at the top, ard 
1 the ſhort thermometer there would mark 21257, while the long one would on 
1 mark 185 or 1900 at the bottom. By flow degrees the heat would neverthel:; 
deſcend, and in the ſpace of fifteen or twenty minutes the whole column would 
become of the ſame uniform temperature. But when the apparatus was adaptel 
for experiments on air denſer than the atinoſphere, in which caſe a plate of tin 
was ſoldered over the hole at the bottom, that it might be placed on a ſtrong 
fire, the heat was then greateſt below, and the long thermometer would mak 
upwards of 215”, while the ſhort one ſtood at 209? or 210%, By deſiſting fren 
blowing the fire, or removing a part of it, the particles of water ſuffering th: 
greateſt heat would aſcend, mix with the reſt, and for ſome little time make 
the whole column of an uniform temperature. But the fire being totally 
removed, the top of the column in cooling was always hotteſt; wherefore, in al 
theſe experiments, whether on denſe or rare air, great care was taken to mix tit 
water thoroughly, 
From Mr. ps Lvc's book it appears, that M. amonToxs found the effect d 
heat on the air confined in his thermometer, which ſeems to have been the fame 
ſort of inſtrument with the manometer, proportionable to the weight wit! 
which it was loaded, By this he could not mean that, being of a double den- 
ſity, it had twice the expanſion. I apprehend it muſt here be underſtood, that Lit 
ſpaces the air occupied, were inverſely as the weights. That being pretfed wü! 
a double weight, it only filled half the ſpace; or with half the weight, 2 doudi: 
ſpace, This is no doubt nearly, though not accurately, the law that it follows. 


.. 


— _ 


From thee experiments it appcars, that there is little difference in the actual e 


panſion or elaſtic toice of air, preſſed with an atmoſphere + or — one: third part: 


. . X 1 = : 3 ! 
yet, when it is rendered extrem<ly rare, its elaſticity is wonderfaily diminiſhed 


eee —˙˙—ꝛ eo Fn ro 


. 2 * . . . . - * * * = 0 
There ſeems likcwiſe to be a viſible diminution in its expanſion, when loaded 


with two atmoſpheres and a half, Some of the tubes that I uſed were ncar ni 
Lok 
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The total expanſion 484.21 reſulting from the third 
claſs of experiments, which are very conſiſtent among 
themſclves, being divided into Fiemme to 
the manometrical ſpaces, az meaſured in degrees of the 
quickſilver thermornacter, we have tac expanſions for i 
termediate temperatures, exprefled at the bottom of hs 
third table, where, it is to be obſerved, the rates for every 
10? below 92? were found by interpolation. 

Now as barometrical obſervations will probably never 
be male in a temperature higher than 92? in the ſhade, 
nor in one lower than 12“, it we ſubtract 26.038, the 
expanſion anſwering to 125, from 222.006, that which 
correſponds to 925 we ſhall have 195.968 for the 
o intermediate degrees; or 2.45 for the mean rate 
on each. This equation, compared with Mr. DE Luc's, 
bears the proportion of 245 to 210, which is a difference 
of 3+ on every degree, or one-ſeventh part of the 
Whole: and though this rate will be found hereafter to 


feet long, Had it been poſſible to have managed them of double or triple that 
lengtl, ſo as to have admitted the air to be preſſed with a column of 18 or 20 
teet of quickſilver, I am perſuaded the diminution in the expanſion of air of 
that extraordinary denſity would have been much more perceptible. 

Mr. amoxToxs found, that the condenſation of air in his thermometers 
lept pace with that of ſpirit of wine, which we are told follows a decreaſing 
Frog reſſion with reſpect to quickſilver: wherefore his experiments agree with 
theſe, in making the condenſation of air below 57? follow a decreaſing pro- 
delſion, when compared with that of quickſilver. 


Vo L. LXVII. 4 * exceed 
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exceed that deduced from the operations of the barome. 
ter in extreme temperatures; yet they agree exceedingly 
well with each other for the mean heat of the air, when 
the barometer will come moſt frequently into uſe, 

The fourth claſs of experiments are all that now re. 
main to be mentioned. The bare inſpection of Taz; 
Iv. will ſhew, how greatly ſuperior the elaſtic force of 
moiſt is to that of dry air. It is true indeed, that tyy 
kinds of irregularities preſent themſelves amon g the re 
ſults: ſirſt, with regard to the total expanſion for 212 
and ſecondly, as to the greateſt exertion of the elaſtic 


force, which ſometimes ſeems to have taken place befor 
the air has acquired the heat of boiling water. The 
fir{t is eaſily accounted for: it muſt have ariſen from di 


ferent proportions of moiſture being admitted into the 
ſame quantity of air, which there was no poſſibility d 
aſcertaining, the bulbs and their apertures being of ver 
different dimenſions. With regard to the ſecond irregu- 
larity, I am rather inclined to think that it may hat 


proceeded from error of obſervation, it being difficult! 
determine the accurate temperature near boiling; eſſe 
cially when any part of the air roſe above the top of th 
veſſel, which was ſometimes the caſe, notwithſtanding! 
extraordinary height. Be that as it may, a very unifo 


encreaſing progreſſion will be perceived to take pl 
fro 
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from the zero of FAHRENHEIT, as far as 152% or 1725; 
and even to the boiling point, in thoſe which I eſteem the 
beſt experiments. By adhering to the mean reſult it will 
appear that air, however moiſt, having that moiſture 
condenſed or ſeparated from it by cold, its expanſion dif- 
fers not ſenſibly from that of dry air. Thus the rate for 
za below freezing 2.22799, is nearly the fame as in dry 
air; but no ſooner doth the moiſture begin to diſſolve 
and mix with the air, by the addition of 20 of heat, 
than the difference is perceptible: for inftead of 2.4667 5, 
the rate for 20? above 32“ in dry air, we have 2. 588 for 
that which is moiſt. In the next ſtep of 200, the rate for 
dry air is 2.5809; whereas that for moiſt is 2.97. In 
this manner the progreſſion goes on continually encreaſ- 
ing, ſo as to give 7.86854 for the mean rate on each de- 
gree of the 2125, which is near three times and a halt 
the expanſion of dry air. And laſtly, the rate for the 
20* between 192* and 2127, is twice and one-half the 
mean rate, and about nine times that which correſponds 
to the zero of the ſcale: but if the compariſon is drawn 
from the mean of the fifth, ſixth, and ninth experi- 
ments, as being probably neareſt the truth, the total ex- 
panſion of moiſt, will be more than four times that 
05 dry air; and the rate for the temperature at boiling, 
4 3 will 


o_ „„ „„ 
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| will be nearly fifteen times that which correſponds t, 
| the zero of FAHRENHEIT. 

I am aware it will be alledged, that the proportion of 
moiſture admitted into the manometer in theſe experi. 
ments, is greater than what can ever take place in nature: 
and therefore, in order to be able to judge of the degres 


of expanſion the medium ſuffers in its more or lets denſe, 
and more or leſs moilt ſtates, that not only air near he 
ſurface of the earth, but likewiſe that found at the top of 


ſome very high mountain, ſhould have been made uſe of, 


I grant all this: but on the other hand it muſt be remem- 
bered, that theſe experiments are very recently finiſhed; 
that a good hygrometer (if ſuch can ever be obtained) 


a great deal of leiſure time, and the vicinity of high 


mountains, were all neceſſary for the carrying of ſuch 


a ſcheme into execution. 
It is for theſe reaſons, and in hopes that other people 
will, ſooner or later, inveſtigate this matter ſtill farther, 
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| not only by experiments made on the expanſion of air 
1 taken at different heights above the level of the ſea in 
middle latitudes, but like wiſe on that appertaining to the 


— — ——_— 


humid and dry regions of the atmoſphere towards the 


f equator and poles, that I have been induced to haſten the 


| communication of this paper. In the mean time having 
F proved, beyond the poſhbility of doubt, that a onderful 
| 2 difference 


2 A 22 eo =o 
FM — 
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aifference doth exiſt between the elaſtic force of dry and 


moiſt air, I may be allowed hereafter to reaſon by aaa- 
logy, on the probable effects this will produce, in mea- 
ſuring heights with the barometer; leaving it to others, 
much better qualified, to conſider how far it will affect 
aſtronomical refractions. In the following ſection I ſhall: 
therefore give an account of the barometrical obſerva- 
tions made in Britain, and compare. them with ſome. 
athers made in diſtant countries. 


FFF 


In account of the barometrical obſervations made in Bri-- 
tain, zwherein they are compared with ſome others of the 
ſame kind made in diſtant countries. 


THE revival of the inquiries into that curious and 
uſeful branch of philoſophy, whereby vertical heights 
xe determined to a great degree of exactneſs, by the 
preſſure of the atmoſphere alone, we owe to Mr. DE LUC; 
ho hath undoubtedly removed many of the difficulties 
that formerly occurred in the application of the barome- 
te; and thereby encouraged others to attempt to over- 


come, ſome part at leaſt, of ſuch as remain. 
It. 


had been abſolutely free from exceptions, and if then 
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If the rule deduced from the obſervations on Saleye 


nad not been particular points in the theory concerning 
which the ingenious author himſelf ſeems to have enter. 
tained doubts, it would probably have been univerſalh 
adopted, without undergoing any very ſcrupulous inveſ. 
tigation; but the obſervations made at Sun-riſing on $- 
leve, gave reſults that were defective, or leſs than the 
real height. In certain caſes, the equation for high ten- 
peratures, remote from the zero of the ſcale, appeared ty 
follow a diminiſhing, and in others an increaſing pro- 
greſſion. Hence arole ſome cauſes of uncertainty, with 
reſpect to the ſpecific gravities of quickſilver and air, and 
the relative expanſion of one compared with the other; 
eſpecially when the atmoſphere happened to have more 
or leſs moiſture diflolved in it. It was doubtleſs from 
conſiderations of this ſort, that Mr. DE Luc, in his book, 
ſo ſtrongly recommends the making of numerous ſets dt 
obſervations, in different countries; that, by the unite 
Jabours of all, this intereſting part of natural philoſophſ 
might be brought {till nearer to perfection. 

With this general object in view, I am now to give i 
account of the principal barometrical obſervations th 
Have been made in Britain, on heights determined geo- 


metrically with great care. Theſe heights are clafſed! 
tl 
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he following lift in ſix ſets, according to the diſtricts 
of the country wherein they are ſituated, and nearly in 
he order of time in which the obſervations were made. 


Height in fect. 


{-St. Paul's Church-yard (2) 90, North- 1 and iron 3 28 

vel cover the dome, < 
5 Top of Paul's-ſtairs, and the ſaid gallery, — 324 

da- Ml. Top of Scotland-yard whart, and the dining-room of 
Heights in. x Spaniard on Hampſtead- heath, — 88 
rhe and Fg Great Pulteney- ſtreet, and the ſaid dining- room, — 352 

London. Pagoda in Kew gardens, — — — 1164 

m- | Gun wharf in Woolwich Warren, and n ſtory 

| of Shooter's-hill inn (%), — — 144 


Mr. Banks, aſſiſted by other gentlemen, meaſured very accurately with 
a line the beight of the ball of St. Paul's above the floor of the church, which 
was found to agree, exceedingly near, with that taken from the engraved ſection 
of the building. The diſtance of the ball from the dining-room of the Spa- 
nard, was found by a baſe meaſured on Hampſtead-heath; and their relative. 
heights by the angle of depreſſion of the ball, taken with the aſtronomical qua- 
drant from the ſaid dining-room. The heights of Paul's-ſtairs and Scotland- 
yard wharf, with reſpe& to each other, were found by meaſuring from them 
fererally to the ſurface of high water in the Thames. And the relative heights 
of the church-yard and floor of the church with reſpect to the ſtai s, and of 
Pulteney-ſtreet with regard to the wharf, were obtained by levelling to them 
reſpectively. 

% The height of Shooter's-hill inn, above Woolwich, was found by a baſe 
meaſured in the meadows from the Warren eaſtward. Lord MuLGRave, Mr. 
3ANKs, and Dr. $0LANDER, aſſiſted in the geometrical operations; as did 
vr, * BLAGDEN, Meſſ. DE Luc and LLOYD, in the barometrical obſervations. 


Ne 
" 
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Fee, 
(Station at the Eaſt-gate of Caſtle Menzie's garden; } 
near the village of Weem, and top of Weem Craig,] 7% 
| The ſaid ſtation, and top of Bolfracks Cairn, — wn 
WP The (aid tation, and top of Dul! Craig, — 1244 
5 bor Ta The faid ſtation, and top of Knock arle, — 1304 
Teiche xl 1 The ſaid ſtation, and that at the rivulet of Glenmore, ] 
Sernbibies. below the South obiervatory on Schihallien, — , 327% 
. The faid ſtation, and South ob;ervatory, —. — 206} 
Tne {aid ſtation, and Weſtern ſummit of Schihallicg, 3281 
Station at the rivulet of Glenmore, and the Soutli ob- 
x lervatory, — — — — ſ 818 
[Level of the Clyde at Lanark bridge, and ſtation in! | 
the garden at Lanark, — — } 362, 
N* 3. Ditto Ie el, ant p of Stonebyre. hill, — — 654 
acar Lanark, Lobinhood's well, before Carmi. hael-houfe, and ew 6. 
| of Tinto, four feet below the ſummit of t ze Cairn, J ©: 
Ditto well, and Weſt end of Carmichael-Bill, — 41 
r Leith pier-head, and top of the Calton-hill, — 34 
| Leith pier, and ſummit of Arthur's Seat, — — doz 
Leith pier, and Kirk-yetton Cairn, on che Eaſt- end of 
No 4. | the Pentland hills, — . 1510 
near Edin- J Calton hill, and ditto Cairn, — — 12C0 
burgh, | Level of Hawk-hill ſtudy, and top of Arthur Scat, 7021 
Hawk-hill obtervatory, and bottom of the little rock] 
68.4 
on Arthur Seat, 7; feet below the ſummit, — 
. Hawk-hill earden-door, and ditto little rock, — 1.3% 
4 Linhouſe, and Eaft Cairn-hill, 5 feet below the ſummit, 1176; 
No Ditto, 18 feet below the top, — 1165; 
. Linhouſe, and Weſt Cairn-hill, 11 feet below the top, 1175} 


near Lin 3 Ditto, and Corſtown hill, 4 feet below the top, — 3: 


houſe. Corſtown- hill, and Weſt Cairn-hi!l, — — 7925 
Ditto, and Eaſt Cairn-hill, — — — 770; 
N* 6. 
near Carnar- | Carnarvon Way, and Snowdon Peak, — — 35H 
gon in North Ditto, and ſummit of Moel Eilio, _ — 2370 
Wales, 


To enter into a minute detail of the geometrical obe- 


rations, whereby the whole of theſe vertical height 
were 
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were determined, would be extremely tedious and unin- 
tereſting. That ſome idea may however be formed of 
the degree of accuracy with which they were aſcertained, 
it will be ſufficient to obſerve, that the requiſite angles 
were taken with an aſtronomical quadrant of a foot ra- 
dus, made by Mr. $1s50XN, and curtoully adapted for the 
meaſurement of horizontal or bate angles; which, as well 
as thoſe of the vertical kind, might always be determined 
thereby to within ten ſeconds of the truth. The bales 


2 ere meaſured with care; and, in order to aſcertain the 
zu diſtances, the three angles of each triangle were, as 
i; Wotten as poſſible, actually obſerved with the quadrant, 
7 That the variation of the line of collimation of the in- 


ſtrument, which was found to alter in carrying, might 
occaſion no error, one or more of the angles of elevation, 


04 : 
8 each ſtation, were taken on the arc of exceſs, as well as 
2 | : 
oa the quadrantal arc. In all cafes, the uſual "7 allow- 
ob] ens 
05 ances were made for curvature and refraction: and for 
17d ap 
336; Whe correction of the laſt, ſometimes the angles of de- 
792 
770 

149 , . 

| (:) If the ſquare of the diſtance be divided by the diameter of the earth, the 

; quotient will give the curvature of the globe on that diſtance, or the exceſs of 

= he apparent above the true level: and, by Mr. MASKELYNE's rule, the ſquare of 
9 


lic diſtance being divided by the diameter of the earth, augmented by one- 
bart part, we have the allowance for curvature and refraction; which laſt is 
uppoled to raile the object, by an angle equal to that of a great circle ſubtended 
% one-tenth part of the diſtance, 
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preſſion as well as of elevation were taken. When time 
would permit, the geometrical operations were repeate; 
at the firſt ſtations; or the angles of elevation were ob. 
ſerved from ſome new point connected with the firf 
and whoſe relative height, with reſpect to the others, va 
known. Small altitudes were occaſionally determined by 
levelling from one ſtation to the other. 

To prove that the vertical heights, afſigned to the place; 
in the preceding liſt, are exceedingly near the truth, I nee 
only mention the following inſtances, by way of confirm 
tion. In 1771, with the affiſtance of Dr. LIND and hi 


friend Mr. Hor, I meaſured a baſe from the obſervator 
of Hawk-hill weſtward, whereby the height of the ſum- 
mit of Arthur's Seat, above the teleſcope of the Hawk- 


— ——  — 
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hill quadrant, in its horizontal poſition, was found to be 
685.06 feet. In 1775, theſe gentlemen levelled, three 


— — 


ſeveral times, from the ſummit downwards to the fail 
teleſcope; and found the vertical diſtance to be, by the 
firſt operation, 686.47 feet; by the ſecond, 0684-43; 
and by the third, 685.25. This laſt, which, from the 
great care that was uſed, they conſidered as the beſt, (it 
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fers only three-tenths of a foot from the geometrical re- 


_—_ 


ſult. They afterwards continued the operation of level- 
ling from Hawk-hill to the pier of Leith, and having 


repeated it twice, with a difference of only two inche 
betwech 
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between the reſults, they found the mean deſcent to be 
117.38 feet: hence Arthur's Seat 1s above Leith pier, by 
the mode of levelling, 802.66; and by the mixed me- 
thod 80 3 feet. 

In 1774, when the aſtronomer-royal was carrying on 
the Society's experiments for aſcertaining the attraction 
of Schihallien, I found, from my own geometrical opera- 
tions, depending on a baſe meaſured in the plain near 
Taybridge, the Weſtern ſummit of the mountain to be 
1183 feet above the South obſervatory. 

Of this height, the effect of curvature and refraction 
amounted to 28.86 feet, on the diſtance of Bolfracks 
Cairn from the obſervatory; and to 38 feet, on the diſ- 
tance of the ſaid Cairn from the ſummit of Schihallien. 
The reſult of theſe operations I communicated to Mr. 
MASKELYNE, before his trigonometrical operations were 
begun. From the data which he hath ſince been ſo 
obliging as to furniſh me with, depending on the baſe in 
Glenmore at the bottom of Schihallien, and the angles 
of elevation taken from the Southern extremity of that 
ſe, the Weſtern ſummit of the mountain is 1186.6 
Kt above the South obſervatory. But if the triangle 
at ſerved to connect the ſtation of the barometer in 
ac valley with the others, and the angles of elevation 


nen trom the ſame ſtation are made ute of, the dif- 


4 2 2 
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ference of height will be 1183.33 feet. Laſtly, Mr 
MASKELYNE's reſult, from the triangles on the North-fiqs 
of the mountain, makes it 1180. The mean of the{ 
three 1183.31 feet, is the height of the Weſtern ſummit 
of the mountain above the South obſervatory, which only 
exceeds my height by one-third of a foot. Here it is ty 
be obſerved, that from the vicinity of theſe triangles ty 
the mountain, and the ſhortneſs of the ſides, the greatet 


curvature amounted only to 16 or 17 inches, which con- 
ſequently made the effect of refraction next to nothing, 
This near agreement between the reſults ſeems there- 
fore to prove, that the mode of computation for curyz 
ture and refraction, made uſe of in the Taybridge obſer- 
vations, is juſt. 

By the firſt angles of elevation, taken from the ſtatic 
of the barometer in Glenmore, the Weſtern ſummit of 
Schihallien is 2001.88 feet above it; from which, if we 
deduct 1183.33, there remains 8 1 5. 5 5 for the height at 
the South obſervatory above the ſaid ſtation: but if the 
laſt angles of elevation at the ſtation of the barometer 
are made uſe of, the height between it and the obſervi- 
tory comes out 818.97, whereof the mean is 818.70 
feet. Though theſe inſtances are of themſelves ſufir 
cient to prove, that the geometrical heights may be fate!) 


depended upon; yet, as an example of the method tha 
. Wa 
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yas always made uſe of, I ſhall annex to this paper, a 
lan of the triangles and detail of the operations for ob- 
taining the height of Snowdon; becauſe that mountain, 
it the ſame time that it is the Eigheſt I have meaſured, 
is, from its ſituation, more likely to be viſited, and to 
have experiments repeated upon it, than the remote hills. 
of the North. 1 now proceed to give ſome account of 
the barometrical obſervations.. | 

The heights in and near London being ſo very incon- 
fiderable, it was eaſily foreſeen, that nothing concluſive 
could be drawn from obſervations made on them alone. 
It was, however, natural enough to try, even on theſe, 
whether the rule we had been furniſhed with would an- 
{wer? A ſmall height of 41 feet 4 inches, which, with- 
out inconveniency, could be recurred to at all times of 
the day, and all ſeaſons of the year, was the firſt that 
was made uſe of, St. Paul's, Hampſtead, Kew pagoda, 
and Shooter's-hill, were the next.. The mean reſults of 
many obſervations on the three firſt,. and of ſeveral on 
Suooter's-hill, were found to be defective. In general 
the coldeſt obſervations, made in the morning and even- 
ing, when the temperatures at the two ſtations differed. 
leaſt from each other, anſwered beſt. In the hotteſt part: 
of the day, when that difference was the greateſt, the 
relults were moſt defective. 


Some. 
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Some months ſpent in Scotland in the ſummer of 
1774, afforded opportunities of making barometrical oh. 
ſervations on hills of various heights, from three or tour 
hundred, to upwards of three thouſand feet, as hath been 
exhibited in the preceding liſt. That ſeaſon was re. 
markably cold and wet; wherefore, in theſe obſervations, 
the mean temperature of the air in the ſhade was con- 
monly about 5 5 The hotteſt never exceeded 6 3*in 
the plain; and the coldeſt, namely thoſe on the higheſt 
mountains, were generally from 43* to 489. 

From the defect found in the reſults of theſe obſeryz 
tions, which, with reſpect to temperature, correſpond to 
the mean and hotteſt of thoſe made at Sun-rifing on $- 
leve, and without any exception whatever, I could eaſily 
diſcover, either that a much greater equation than what 
the rule directed, muſt be applied for each degree of hat 
above the zero of the ſcale; or, that the zero itſelf would 
fall conſiderably lower than 39% 4, where Mr. DE Led 
formula, adapted to Engliſh meaſures, hath fixcd it. 
This firſt ftep towards a correction of the rule, natural 
pointed out the ſecond thing to be aimed at, namel”, the 
obtaining of a ſufficient number of cold obſer-ation5 
near the zero, and as far as poſſible below it, that the 
equation might diſappear entirely, and even come to 
applied with the contrary ſign. Of this kind the Winter 

1 ſcatom 
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ſeaſons of 1774 and 1775 afforded a few on the ſmall 
heights in and near the metropolis; but the beſt I have 
been furniſhed with are thoſe which Dr. LIND, aſſiſted 
by Mr. Hor, was ſo obliging as to make on Arthur's Seat 
near Edinburgh; and thoſe which Captain caLDERwooD 
has ſince favoured me with on the Cairn-hills, being a 
part of the Pentland range to the South-weſt of that city. 

By comparing theſe ſets of obtervations together, it 
appeared from all of them, that when the air was at or 
near the freezing temperature, the logarithmic differ- 
ences gave the real height, in Engliſh fathoms and thou- 
ſandth parts, without any equation; and when conſidera- 
bly below that point, the equation was to be ſubtracted, or 
applied with the ſign — inſtead of +. It was farther per- 
ceived, that the ſame general concluſion might be drawn 
from the coldeſt, not only of the Sun-riſing, but even 
of the ordinary obſervations on Saleve, ſome reduction of 
the temperature being in certain caſes made, on account 
of the expoſure of the thermometer to the Sun's rays: 
hence I was led to ſuppoſe, that the morning obſerva- 
tons, inſtead of being made exceptions from the rule, 
ere thoſe, which, it might be preſumed, would form 
the beſt baſis for deducing the equation depending on 
the heat of the air; becauſe the mean temperature of the 


column was then found to differ leaft from that of its. 
extre- 
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extremities; whereas in the hotteſt time of the day, tha 
difference was generally the greateſt. 

Having been enabled, by means of the cold obſeryy 
tions, to form ſome judgement whereabout the zero of 
the ſcale would fall, below which the equation was nega- 
tive, and above it affirmative; it followed of courſe, that 
the next principal thing to be ſou ght for, was the maxi- 
mum of equation, or that correſponding to the higheſt 
temperatures the climate of our iſland would afford. I 
was partly with the view of obtainin g theſe that I went, 
in July 177-5, to Snowdon in North Wales. On this expe- 
dition Captain CALDERWOODÞ was ſo obliging as to accom- 


pany me, and lend me his aſſiſtance in the operations for 
determining the geometrical height of that remarkable 
mountain. At that particular period, the weather proved 
unfavourable for obtaining hot barometrical obſerva 
tions; but, in other reſpects, they were very ſatisfactor, 
as being in general conſiſtent among themſelves, and 
agreeing ſufficiently near with thoſe of the preceding 
year in Scotland; at the ſame time that they were made 
on a height, as formerly mentioned, greater than al) 
other hitherto meaſured, with equal care, in Britain. 
During the ſummer of 1776, Dr. LIND obtained ſome 
more hot obſervations on Arthur's Seat; and in the beg 


ning of the following winter, Captain CALDERWO'® 
5 made 


ade 
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made others of the cold kind, on the Cairn-hills in his 
neighbourhood. From the combination of the whole of 
theſe obſervations taken together, and a compariſon of 
them with Mr. DE Luc's, as far as they are fimilar, I 
mean to ſhew the agreement or otherwiſe, between the 
equation for the heat of the air, as deduced from the ba- 
rometer and manometer; but ſince the Britiſh obſerva- 
tions, in certain caſes, differ conſiderably in their circum- 
ſtances from thoſe on Saleve, it is neceſſary, in the firſt 
place, to point out wherein this difference n con- 
ſiſts. . | | 

In the obſervations in Britain, the barometers and de- 
tached thermometers have been, abmoſt conſtantly, placed 
in the open air in the ſhade, and ſuffered to remain there 
generally half an hour, and ſometimes a great deal 
longer, before the correſponding obſervations were be- 
gun, that the quickfilver might have time to take the 
temperatures of the ſituations reſpectively. They were 
then obſerved four times, uſually at intervals of ten mi- 
nutes, the mean of the four being that which is calcu- 
ated, and called a ſingle obſervation. If the time did not 
«imit of ſo long an interval, the ſame number of obſer- 
Yations were taken at diſtances of five minutes from cach 
aer. In either caſe, the extremes never differed above 


i few thouſandth parts of an inch from the mean, ſo as to 
LXVII. 


Vor.. render 
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render the computations of them ſeparately wholly w, 
neceſſary. | 
Except in very ſmall heights, and chiefly in London 
where it was impoſſible to ſcreen the upper barometerh 
effectually from the Sun during the time of obſervation 
as that below, which generally ſtood in the ſhade of ſome 
building, the temperature of the quickſilver in the ſo 
perior ' hath been colder than that in the inferior bars. 
meter. The difference was commonly found to be tuo 
or three degrees; ſometimes it would amount to fix 
or ſeven; rarely, in heights that were conſiderable, t 
nine or ten; and in one inſtance only to thirteen, when 
the vertical diſtance of the inſtruments was. great. 
Whether in the plain or on the tops of the highet 
mountains, the detached thermometers, indicating the 
temperature of the air, have generally ſtood ſomething 


(+) I have ſometimes found, particularly in froſty weather, that a them: 
meter placed on the pavement of the North-fide of St. Paul's Church-yard 
cloſe to the wall of the building, would ſtand two degrees lower than that wii 
was expoſed on the North-fide of the iron gallery over the dome. The firſe, 10 
doubt, felt the cold produced by the evaporation from the ſtones, while tut 
above might be affected by the aſcending ſinoke. But the moſt remarka 
iuſtance of this kind occurs in one of Dr. Lind's obſervations, on the break" 
up of the hard froſt January 31, 1776: at Hawk-hill, at 10 45” A. M. * 
temperature of the open air was 14, while that at the ſummit of Arthur's * 
was 20'. The froſt that remained in the ground kept the air extremely a 
below, though it had already ict the effects of the thay at the top of tit 
Mountain, 


owe 
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wer than thoſe attached to their reſpective barometers, 
until they had remained a conſiderable time in the ſame 
tuation, equally ſhaded from the Sun, when they always 
agreed: Whence it followed, that in theſe obſervations, 
the mean temperature of the air, and equation depending 
upon it, might always have been determined very near 
the truth, from the temperature of the quick filver in the 
tubes, as ſhewn by the attached thermometers, without 
erer conſulting the detached ones. Let us now ſee what 
were the circumſtances ' attending the obſervations on 


70 


daleve. ; . | 

Mr. DE Luc's lowermoſt barometer ſtood in the 
ground- ſtory of a houfe near Geneva, where it remained 
unaltered during the whole of his experiments ; while 
the detached thermometer, indicating the temperature 
of the air, was expoſed on a ſmall eminence, at a little 
diſtance, directly to the Sun's rays: hence we find that, in 


column of air is often 125 or 155, and in one caſe 1 35 
hotter than the quickſilver in the tube. And even in the 
owelt temperatures, the bottom of the column of air is 
generally hotter than the quickſilver within doors, con- 
rary to common experience in this country: for in Eng- 
ard, in winter, the exterior air in the thade 1s always 
wider than the interior air. "This circumſtance gives 
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the obſervations of high temperatures, the bottom of the 
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reaſon to apprehend, that the thermometer ſuffered not 
only direct but reflected heat. 

The ſuperior barometer was ſhaded with a paraſy 
from the Sun, while its correſponding detached thermo. 
meter was expoſed to his rays: wherefore, in the obſer. 
vations of high temperatures, the top of the column at 
air is uſually four or five degrees hotter than the quick. 
filver in the barometer ſtanding in the ſame air; and the 
mean heat of the column often exceeds very conſiders 
bly the mean heat of the quickſilver in the tubes. 

In many of the coldeſt of Mr. DE Luc's obſervations, 
as well as in thoſe of mean temperatures of about 50˙ or 
5 5?, the ſuperior barometer is often the hotteſt of the 
two, even when the ſurrounding atmoſphere at the top 
colder than at the bottom. This circumſtance is eafily 
accounted for: wood is known to be a bad conduc- 
tor of heat, to receive it flowly, and retain it long: that 
barometer, which was moved about from place to. place 
upon the mountain, with a very ſhort interval between 
the obſervations (as 1s ſufficiently evident from the great 
number of ſtations it paſſed through in a limited time) 
muſt have acquired and retained heat ſuperior to that of 
the atmoſphere, and communicated it to the tube with 
which it was in contact. Some difference would no 


doubt ariſe from this cauſe, if the temperatures of the 
quickf11ve! 
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quickfilver in the tube and attached thermometer did not 
keep exactly pace with each other. 

The laſt point to be mentioned is ſtill more remarka- 
ble than the reſt; it is briefly this: in the obſervations at 
dun- riſing on Saleve, though the ſuperior quickſilver is 
the coldeſt; yet the top of the column of air is commonly 
five or fix, and ſometimes eight or nine degrees, warmer 
than the bottom. 

Having thus ſhewn the ſteps that were taken, for ob- 
taining the coldeſt and hotteſt barometrical obſervations 
that the climate of this Hland would afford, the mode of 
obſerving, and wherein the circumſtances attending them 


differed from thoſe on Saleve, I thall now point out the 
general reſult. In order to avoid repetitions as much 
as poſſible, it is neceſſary, once for all, to remark, that 
the computations of the Britiſh obſervations, by the rule 
hereafter to be given, are ſubdivided into their reſpective 
daſſes. Each table contains 15 columns, which their 
titles ſufficiently explain, that the principles from which 
ne rule was deduced, the reſult and error, might all ap- 
Far in one view. The laſt column towards the right-- 
and ſhew's the ratio of the weight of quickſilver to air, 
me columns of the firſt in the barometers being ſeve-- 
ally reduced to the mean temperature of the laſt. 

2 By 


3 
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By comparing the tables it will be found, that the 6). 
ſervations for extreme temperatures belong to the Edin. 
burgh claſs of obſervations (N* 4.) it being thought beſt 
in this caſe, to omit the few hot ones obtained on the in. 
conſiderable heights near London: the mean of the 
coldeſt, anſwering to the un of 21.7 5, make 


the logarithmic exceſs :;3;; and the mean of the hotteſ, 
n ponding to the temperature of 699.6, give a defe} 
Now the ſum of the two equations e, being d- 


100009 


0 2. 


vided by the difference of temperature 475.8 5, we haze 


nearly 2.3 for the mean rate of the equation on each 


degree, which is leſs than that reſulting from the opera- 


tions of the manometer. Again, from the mean of the 


very beſt obſervations, as being made on the greateſt 


heights, when the temperature of the air is 5 25, it ap- 
pears, that the defect is from 2==, or 2.5 for each 


degree nearly, which agrees perfectly well with the mi 


nometrical expanſion. In this caſe, the ratio of the 


weight of quick filver to air is as 11377 to I; greater ver) 


conſiderably than 11232 to I, aſſigned to them by M. 


DE LUC, when the temperature is 69.3 2, anſwering t 


the zero of his ſcale, without any allowance for the (1- 


minution of preflure on his columns, which ſhould hit 


rendered air ſtill comparatively lighter. From the Bri- 


tiſh obſervations, made on the meſt con ſiderable height 
b 
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it appears, that when the temperature of the air is 280. 2, 
the ratio of its weight, with reſpect to that of quickſil- 
yer, is as I to 1055 2: hence the increaſe of the weight 
of air, on every degree of difference of temperature be- 
tween 282.2 and 529.5, amounts to 34.4; and hence we 
have 52%.5—4*.2=48*.3 for the OR of the air 
in Britain, when its weight would be = of that of 
guickſilver; and conſequently agree with Mr. DE LUC's, 
though the heat would differ from his. 2 15. It will no 
doubt be remarked, that the equation for the air, reſult- 
ing from the operations of the barometer, falls ſhort of 
that given by the manometer. Part of the difference, I 
apprehend, may ariſe from the ſmall number of baro- 


124 


metrical. obſervations obtained in extreme temperatures. 
| ſhall, nevertheleſs, adduce reaſons. hereafter for ſuppo- 
ling, that it really ſhould diminiſh, becauſe of the drier 
and leſs elaſtic ſtate of the ſuperior air, compared with 
that taken into the manometer at the earth's ſurface. In 
the mean time, ſince both inſtruments agree in the equa- 
tion for 5 2%, which is a heat that the barometer will very 
frequently be uſed in, it ſeems beſt to adhere to the mean 
manometrical reſult 2.4.5, in fixing the zero of the ſcale, 

Which is obtained in the following manner. 
Divide the exceſs or defect, expreſſed in x oo00oth parts 
of the logarithmic reſult, by 2.45, the mean expanſion of 
air. 
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air for each degree of the thermometer; the Quotient 
will give the number of degrees, in the firſt caſe, to he 
added to, and in the laſt ſubtracted from, the temper. 
ture of the air in the obſervation; the ſum or difference 
anſwers to the zero of the ſcale, or that temperatur 
when the logarithmic reſult gives the real height in 
Engliſh fathoms and 1oooth parts. 


According to this mode of computation, we haxe, 
from the aggregate of the ſeveral claſſes of Britiſh ob- 
ſervations, the place of the zero as follows: 


Zen, 
By the iſt claſs of obſervations in and near London | x I 
between the temperatures of — — Fan 
2d, near Taybridge, — — 46.1 — 62.9 = gi 
3d, near Lanark, — _ 44. — 62, = 923 
4th, near Edinburgh, — — 17. — 790. = 31. 
5th, near Linhouſe, — — 26.1 — 46.5 = 294 
6th, near Carnaryon, — — 49.1 — 62.3 - 329 
Mean place of the zero at — — 31.0 


— — 


The number 319.7 differing ſo very little from 32 
we may hereafter conſider that remarkable point of Fat 
RENHEIT'S thermometer, as the zero of the ſcale depen 
ing on the temperature of the air; and hence is deduce 
the ſecond part, of the rule for meaſuring heights with 
the barometer. When the mean temperature of the cv 


Iumn of air to be meaſured is at 32 of FAHRENHEIT, the 
differenc® 
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äfference of the common logarithms of the equated 


heights of quickſilver in the inferior and ſuperior baro- 
meters, expreſſed in I 000th parts of an inch, gives the real 
height in fathoms and r oooth parts, the three figures 


Towards the right-hand being decimals, and the reſt in- 


tegers; which, being multiplied by fix, gives the reſult 
in feet. 

Let us next conſider, in a general way, how far this 
will correſpond, or otherwiſe, with Mr. DE Luc's obſer- 
vations in extreme temperatures. 

I have already had occaſion to remark, that when the 
temperature of the air was at 69?9.32, as indicated by 
thermometers expoſed to the Sun's rays, Mr. DE LUC 
found that the differences of the common logarithms of 
the heights of the barometers at the two ſtations, gave the 
altitude between them, in French toiſes and 1o000th 
parts: in which caſe the ſpecific gravity of quickſilver to 
ar was as 11232 to I. When his formula is adapted to 
Engliſh meaſures, the zero of the ſcale neceſſarily de- 
ends to 39.74, where the Engliſh fathom bears the 
ame proportion to the modulus of the common loga- 
nthms, as, in the former caſe, the French toiſe did to that 
modulus, the equation for the intermediate temperature 
As 1t hath 
been ſhewn, that the Britiſh obſervations differ in their 
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being now applied with the contrary ſign. 


circum-— 
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circumſtances from thoſe on Saleve, and require a greate- 
equation, it is unneceſſary to enter into any minute com. 
pariſon of the two ſets: nevertheleſs, that ſome idea may 
be formed of the cauſe, of part at leaſt, of the difference 
that takes place between them, I have collected into one 
view, the computations of ſuch as were made in extreme 
temperatures; namely, the coldeſt of thoſe at Sun-rifing 
(though the whole of that claſs were conſidered as ex. 
ceptions from the rule); the coldeſt and hotteſt of the 
ordinary obſervations; alſo thoſe on the Dole, at Genoz, 
and at Turin, whereby the heights of the lake of Ge- 
neva and of Turin, above the ſea at Genoa, were ob- 
tained. In the table it will be obſerved, that there is: 
column for the reduced temperature of the air, on a- 
count of the expoſition of the thermometer to the Sun 

(1) Having recomputed the whole of Mr. De Luc's obſervations on Sale 
and claſſed them according to the months in which they were made, I intendec, 
at one time, to have given a general table, comprehending the mean reſults d 
all of them: however, this is now become unneceſſary, fince a very re pt 
and ingenious member of this Society hath had opportunities of making n 
curious and intereſting obſervations on thoſe very heights, which cannot fa! © 
being perfectly ſatisfactory; and who, at my requeſt, was ſo obliging *" 
determine the height of the Dole geometrically. On this mountain Mr. 51. 
had made barometrical obſervations, whoſe reſults differing conſideravly 
the altitude, 4182 feet above the lake of Geneva, as taken by Mr. Tar. 
DUILLIER, made me ſuſpe& there was an error. In fact it appears, fre 


laſt meaſurement, that the ſummit of the Dole is 4293 feet above the furſace © 


the lake, which gives for the vertical diſtance of Mr. pg Luc's baroimcts 
4210 feet. 


"_ 
[2 21 
4 
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rays: & apprehend that I have not exceeded, but rather 
fallen ſhort, in the reduction, to what would have been 
indicated by thermometers in the ſhade, perfectly frec 
from direct and reflected heat, and with ſuſficieat time 
allowed between the obſervations. Be this as it may, it 
is of no importance, as no other concluſion is drawn 
from theſe obſervations, than that of ſhewing what, in 


my apprehenſion, might probably have been the caſe, it 
another mode had been adopted. 


From the table it appears, that when the temperaturc 
of the air is at 297. 85, the logarithmic excels is eres and 
55.5 reduced nen the defect is 2 z. The 
— of the two equations 2 being divided by the dif- 
ference of temperature 465, we have, as in the Britith 
obſervations, nearly 2.3 for each degree, which is greater 
than that applied by Mr. BE Luc's rule, in the proportion 
of 23to 21. That too ſmall an equation hath been made 
ule of in theſe hotteſt obſervations, ſuppoſing the origi- 
nal zero and "ROI to remain, is ſufficiently evi- 
dent: for +2 being divided by 42* the difference of 
temperature, we have, as before, 2.3 very nearly for the 
equation anſwering to each degree. | 
rarther, if we conſider the ratio of the weight of 
-M wickſilver to air, actually reſulting from the obſerva- 
tions themſelves, the ſame kind of error (for I cannot ſee 
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it in any other light) ill exiſts. Thus, in the coldeſt of 
the morning, as well as in the ordinary obſervations, when 
the temperature is at or near freezing, the mean ratio gf 
the weight of quickſilver to air, is about 108 50 to x, 
When the obſerved and reduced temperatures are re. 
{pectively 41? and 35?, the ratio between them is that 
of 11295 to 1, anſwering nearly to what hath been ui. 
ſigned to them when the heat is 69.32. Again, 
in the hotteſt obſervations of the 14th and 1 5th cf 
July 1759, and 2oth of July 1760, on the higheſt, 
and conſequently the beſt ſtations, when the obſerved 
and reduced temperatures are reſpectively 81*.7 and 
759.6, quickfilver is to air as 12650 to 1. Now if we 
reduce this number 12650 by a proportionable part, for 
the degrees of difference between Mr. DE Luc's Zero 
699.32, and the obſerved and reduced temperatures re- 
ſpectively, we ſhall have, in the firſt caſe, 12200; and 
in the laſt, 12390 to 1, for the ratio of the weight of 
quickſilver to air; either of which exceeds very cont 
derably 11232, which hath been aſſigned to them. 
With regard to the obſervations on the Dole, the de- 
fect is d, anſwering to the obſerved temperature of 
66.6, and which is only reduced to 65% 2. On tht 


great height, the ratio of the weight of quick ſilver © 
I all 


( 


this 


alt 


follows: 


By Mr. DE Luc's equation for the air and 
obſerved temperature, 


Coldeſt of the morn- yz * . 6 
ing obſervations, þ 25.2 to 30.5 at 33.7 
from — 

Coldeſt of the ordi- 
nary obſervations, þ 27.1 = 41.9 - 38.7 


Hotteſt of dne — * 
nary obſervations, IT 8 36. p 


On the Dole, — 59.2 = 71.5 = 27. 6 


Light houſe of Genoa, 75, = 79. = 26. 
DE LA CAILLE'S, — 58. = 30. 
Zero at — — 32.03 
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equation than is wanted in extreme temperatures: 


aan of two obſervations gives a defect of I for 25 
1000 


temperature ſeems to have been about 582, in which caſe 
quickſilver was I I 687 times heavier than air. 

Now if, from the aggregate of theſe obſervations, the 
ame method be adopted, as was made uſe of in the Bri- 
tiſh, for finding the zero of the ſcale, we ſhall have it as 


| By the manometrical equation 
and reduced temperature. 


O O O 


from 25.2 to 30.5 at 33. 12 


— 35. 


— 
— 58. — 70. 
_— 7. 


— — 58. 


cw a, 


Zero at 33.52 


, 


(m) It will even be found, though the calculations are not inſerted in the 
able, that the hotteſt of Mr. pz Luc's morning obſervations, June 8th, 1758, at 
ke 15th ſtation, anſwering to the mean temperature of 57.5, and which I 
confider as the beſt, becauſe no reduction is neceſſary for the expoſition of the 
acrmometer, agree with the manometrical experiments, 1n requiring a greater 


for in this caſe, the 


9. 5 above freezing, which 


n 5 2.5 for each degree; the ratio of the weight of quickſilver to air being that 


6: 12196 to 1. 


From 


739 
air is that of 12595 to 1. Mr. DE LA CAILLE's obſer- 


rations at the Cape of Good Hope, annexed to the table 
containing Mr. DE LUC's, give a defect of A, when the 


_ = 
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From the mean of theſe obſervations, though the e. 
ſalts are irregular among themſelves, it appears ſuf. 
ciently evident, that if the morning obſervations on 83. 
leve had been retained, inſtead of being made exception 
from the rule, the zero of the ſcale would have de. 


ſcended about 87; v/s. from 695.3 to 619.4 of Faunry. 
HEIT, ſuppoſing always the equation 2.1 for each degrec 
of temperature, and the French toiſe, as the ſtandar 
meaſure, to have been adhered to: for the French toit 
bears to the Englith fathom, the proportion of 10657; 


to IoOOO0O; Wherefore 534 ==2 = 29.47 32*= 69 


denotes the relative poſitions of the two zeros, the inte: 
mediate equation == being to be ſubtracted, when tl 


toiſe is made uſe of: But it hath been ſhewn, that th 
mean expanſion of air is really greater, for ſuch tempe- 
ratures at leaſt as the barometer can be applied in, than 
what Mr. DE Luc ſuppoſed it, in the on of 24510 
210; whence it follows, that =2=2 5*.18+ 32*=57*15 
will denote the relative e of _ two zeros; which, 
inſtead of almoſt 30, are only diſtant from each other! 
little more than 25“. 

From what hath been ſaid it is eaſy to ſee, that in cal- 
culating heights according to Mr. pE Luc's rule, When 


the temperature of the air is below his zero, which i 
ma 
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may take at 40?, the Engliſli meaſure being uſed, the 
common error in the reſult will be equal to the ſum of 
he two equations, 2.1 2.45 4. 5 5 for each degree; 
which amounts to 30S parts for the 8* that the zero is too 


high. Above 40 - the Winer error © will be augmented 


by the difference of the equations for each degree that 
the temperature is above his zero, V/S. 2.45 2. 1. 


In either caſe it is to be obſerved, that the progreſſi ve 
rate of equation for the heat of the quickſilver is not 
here taken into the account; becauſe it will not produce 
any material difference, unleſs one barometer is much 
hotter than the other, at the ſame time that their verti- 
cal diſtance is very great. Thus the 32d degree of Fan- 
QENHEI”, or freezing temperature, which is fundamen- 
tal in all thermometers, happens, ſomewhat remarkably, 
to be the zero of the ſcale, when the Englith fathom. 
bears ſuch proportion to the modulus of the common lo- 
carithms, as that their difference, in computing heights 
by the barometer, brings out the reſult in fathoms. No 
other proportion of a meaſure will do it: for if we ſup- 
pole twenty-four of different lengths, between ours 
and the French toiſe, each ſurpaſſing the other by =; 
of that toiſe, the zero of the ſcale, in computing heights 


by theſe meaſures re pectively, will afcend a ſingle de- 
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gree on each; and the French toiſe being the 25th, vil 
have its zero nearly at the 57th degree: about which 
temperature the expanſion of air appears, from the ex. 
periments, to be at its maximum. From that point, 
therefore, the equation will diminiſh both ways, though 
by a quicker progreſſion for condenſation, than it doth 
for dilatation, 

Having thus compared, in a general way, the reſult; 
of the Britiſh obſervations with thoſe of Mr. DE Lye, 
pointed out what ſeem to be the chief cauſes of the con- 
{tant defect found in his rule, and thereby obtained, it i; 
hoped, ſome corrections tending to improve the theory 
of the barometer, when applied to the meaſurement of 
heights in middle latitudes; it remains to ſhew the prin- 
ciples, whereon the table for the equation of the air hath 
been conſtructed. Previouſly however to this, it may be 
proper to compare, with as much brevity as poſſible, 
theſe obſervations, with others that have been made to- 
wards the Pole and at the Equator: from which it wil 
appear probable, that the rule which anſwers in midci 
latitudes, will not in the frigid and torrid zones. 

In 1773, Captain PHIPPs, now Lord MULGRAVE, CON 
manding two of his Majeſty's ſhips then ſent on diſcove- 
ries towards the North Pole, meaſured geometrically, with 


great care, the height of a mountain in Hakluyt's Iſland 
nea! 
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gear Spitzbergen, and found it to be 1503 feet above 
the level of the ſea. On the morning of the 18th of Au- 
ouſt, the following obſervations, at the ſea-ſhore and top 
of the mountain, were made with a ſingle barometer, 
wherein the quickfilver had not been boiled. 


\t 6 h. A. M. Barometer at the ſnore, — — 30.040 therm. 50˙ 


7 h. 45 A. M. Ditto at the top of the mountain, 28.266 42 
$ h. 45” A.M. Ditto at the top of ditto, — 28.258 —— 42 
i 11 h. 45 A. MI. Ditto at the ſca- ſhore, — 30032 — 44 


Whence we have the following computations, equated 
for the times correſponding to the two obſervations at 
the top. 


uy) 
of 7.45 | 39-038 46.—046 = 29.002] 1% 1 +70. 432 5 
A.M, (18386 42 —031 3 1 3 14 = 
m- O = 
95.45 [30.930 45 —043 = 29.993 _ +78.31 43 — 
ath A.M, 124255 42 —031 =" . | —49.5 j +1 þ 42 I > + 
| cal E 
be Mean 1577-1 =+47 2 2 
ble, 1000 & 


From theſe obſervations it appears that, inſtead of the 


ulual equation , to be added to the logarithmic re- 


7005 
ſult, in order to obtain the true height in Britain, when 
he temperature is 425 there is an excels of 4438: and, 
inſtead of the uſual ratio of the weight of quickſilver to 
clumns of air, of equal altitude and temperature in 
britain, namely about 11200, we have that of 10224 
land Me; I. 
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Thus air at Spitzbergen ſeems to be ſpecifically he. 
vier, than that affected with the ſame heat and preflyr 
in the middle latitudes: whence it follows that, inftey; 
of 32* which is found to be the zero of the ſcale abou 
the middle of the temperate zone, we ſhall have +. - 
19%.2+42* = 619.2 for the zero at Spitzbergen, within 
Io” of the North Pole. 

It is much to be regretted, that the French academ. 
clans, when employed in meaſuring the degrees of the 
meridian in Peru, were not ſupplied with better barome- 
ters, and that they made not obſervations at correſpond. 
ing times; ſince the ſcene of their operations was un- 
doubtedly preferable to any other on the ſurface of the 
globe, for determining many curious points with reſpect 
to the modifications of the atmoſphere in the torri 
zone: nevertheleſs, by attending diligently to what Mr. 


BOUGUER hath told us, of the ſteadineſs of the baro- 
metcr 


(n) He ſays, that at the South Seca, REAUMUR's thermometer, in the mot 
ing before Sun-rifing, ſtood at 19?, 20, or 21%; and in the afternoon at AY 
27', or 25%, The reſpective means correſpond to 76˙ and 92% of FAHRES: 
HEIT, and make the mean heat of the day 84%}, At Quito the temperatur 
continued at 14? or 157, anſwering to 65 T of FAHRENHEIT, At the ſummits 
of Coracon and Pichincha, the thermometer ſtood in the morning ſeveral 
degrees below freczing, and varied 17* in the heat of the afternoon; whence 
the mean temperature at theſe higheft ſtations, would probably be about 43 z 0 


3 a Pe „ , 4 5 . = a a. Pete 
FAHALKHEIT, IIS farther ſays, that in Cie torrid zone, whatcber Mey ve \ 


YY.1 
44 © of 


— 
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neter throughout the year; the uniformity of the mean 
temperature in every aſſigned ftation; and his mode of 


computing, by means of the tables of common loga- 
tums, the altitudes of the Cordillero mountains above 


me valley that extends itſelf between them; it will be 
n no difficult matter to diſcover, nearly at leaſt, what ſort 
of equation became necetlary ; and what were the rela- 
n- WF tive weights of quickfilver and air of the mean tempe- 
be Wl rature, not only in that high region of the atmoſphere, 
- but alſo at the level of the ſea. 
0. Thus, by inſpecting the table of computations, it will 
ur appear, that columns of air, whoſe bates were removed 
the Wl fx or eight thouſand feet from the level of the ſea, and 
ect Wl whoſe heights equalled that diſtance, when the tempera- 
ml ure was 5 5 of FAHRENHEIT, as determined from the 
. nean between the coldeſt of the morning and hotteſt wy 
r0-o tice afternoon, the mean logarithmic defect was only 


1000 


"pp in meaſuring heights near the level of the ſea, 
on. in middle Hanne the common cquation for that tem- 
perature is about 7835. Thie mean ratio of the weight of 


"ISL 888 


ature n to air, on theſe long columns comprehended 
becdvely between Carabourou and Quito, and the 


.- 
* tat in any affigned Nation, it continues uniformly the ſame throughout 
5 2 Fear. In hs 5 rough climation of the temperature in Peru, it ſcemed unne- 

; ery to enamii nc, W nether the true thermometer of REAUMUR Wa is uſed or not, 


8 adder no material difference, except at the very botteſt ſtations. 


582 fammits 
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ſummits of Pichincha and Coracon, is that of 16793 
to 1. On the altitude of 15 34 feet, intercepted between 
Carabourou and Quito, which ſhort ſection of the ©. 
lumn is about half-way between the level of the ſea, and 
the ſummits of the Cordilleros, the mean temperature 
being 66“, the ratio is that of 15089 to 1: hence i 
{eems probable, that quickſilver would have to the dif. 
ferent ſections of the general column of air, compre. 
hended between the ſea and the top of Coragon, neatly 


the following ratios : 


Temp. 
At the level of the South Sea, 842 T3IO00t0! 
Half-way from thence to Carabourou, 7 55 14100 
At Carabourou, — — 66. T5100 


Half-way from thence to Coracon, 55 16100 
At the ſummit of Coragon, — 435 17100 


ee ů —ů— LTͤ— —— — — 
* 


Whereof the mean is, — 65 15100 


— 


— 


Mr. BOUGUER tells us, that the barometer in the tor- 
rid zone varies not at the ſea- ſhore above two and a halt, 
or at moſt three lines throughout the whole year. 4 
Popayan, its variation is only a line and a half; and at 
Quito a ſingle line. Now let us ſuppoſe, that an altitude 


had been meaſured with the barometer at the level of 
the 
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he South-ſea, where the deſcent of quickſilver at the 
upper ſtation was exactly an inch in the mean heat of 
the day, anſwering to 84. On the former ſuppoſition 
of the weight of quick fi]ver to air, the height would be 
13100 inches or 1091.7 feet. 

29.930 84:—169=29.761) 


— 28.930 84 169 28.761 


= $90.6 feet, 
the logarithmic reſult, which is defective 201.1, or 
nearly 2 parts. Now this equation being divided by 
2.45 the mean expanſion of air, we have nearly 9259 
for the difference between 84*-, the temperature of the 
obſervation, and the zero of the {cale, which reduces it 
to 7 of FAHRENHEIT. If it ſhould be thought that I 


have ſuppoſed the air to be too light at the level of the 


ta mean between 13100 and 12672, which ſeems to 
have been the ratio of their weights at Genoa, when Mr. 
dr Luc's temperature was 79?, and we ſhall have 
12881 inches, or 107 3.4 feet of air, for the counter- 
poiſe to the inch of quickfilver in the barometer: hence 
[1073.4—890,6=:==—===83?.7, will denote the number 
f degrees that the zero of the ſcale would, in that caſe, be 
below the temperature of the air, which brings it to within 
il: than a degree of the cypher of FAHRENAHETT. Fut in 
middle latitudes the zero of the ſcale is at 325% and the 


ſea undei the equator, let it be taken to quickſilver only, 


4 equation 
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xilence had furniſhed him with, for computing height; 
with the barometer between the ranges of the Cordil. 


tenſity of the elaſtic force, or ſpring of the air, is every 


toiſes above it, notwithſtanding the effect of the heat, 
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equation, applicable at the level of the ſea for the heat q 


845, is at moſt only gde inſtead of S. 


10900 


Mr. BOUGUER found, that the rule which his expe- 


leros, namely, that of deducting eth part from the 
number of toiſes expreſſed by the logarithmic dit. 
ferences, which agrees nearly with the equation £2 whicy 


I have made uſe of inthe table of computations, would no 
anſwer when he came to apply it at the level of the ſea, 
He tells us, indeed, that the elaſticities of the air, abor: 
and below, are there, as well as in Europe, exactly pro- 
portionable to its condenſations; and even, that the in- 


where equal in all places of the torrid zone that are con- 
ſiderably elevated. The real condenſations in each place 
are proportionable to the weights of the ſuperior columns 
cauſing the compreſſion; theſe condenſations being in 
geometrical, the heights are in arithmetical progreſſion. 
But below the ſame law doth not take place; becauſe the 
intenſity of the elaſtic force is really conſiderably leſs at 
the level of the 1ca, than 1t 1s at one or two hundred 


which ſhould render it greater. It is to be obſerved, thut 


Mr. BOUGUER hath not given us the obftryations Where" 
he 
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.- ounded this laſt deduction; and his note on the text, 
ch I apprehend, nevertheleſs, conveys his true mean- 
35 18 contradictory to it: for there he ſays, that the di- 
nation occaſioned by the heat throughout the day, 
changed the diſtribution of the weight with regard to 
i the places ſituated within the Cordilleros, as well as 
on other mountains, and made the lower ſections of the 
columns contain leſs and the upper ſections more air, 
than they ſhould have done, had it been a perfectly 
elaſtic fluid. 
Having now mentioned all the barometrical obſerva- 
tions that have come to my knowledge, tending any way 
to throw light on this very intricate ſubject, it remains to 
ſum up, from the whole, the general principles whereon 
have proceeded in conſtructing the table of equation 
for the heat of the air. 
It will be remembered, that I have more than once re- 
marked, that in the Britith obſervations, when the tem- 
perature was 5 2*, the defect was , the lowermolt 


1000 


barometer ſtanding at or near the level of the ſea; but 
n the obſervations on Tinto, a conſiderable hill apper-- 
ning to the third claſs, whoſe baſe is elevated 7 00 feet 
dove the level of the Clyde at Glaſgow, when the tem- 


crature was 82, I found che equation to be little more 


——— 


=P 


2; Again, theſe two facts being compared with 


0 7 thc 


1 - 
g hs - N 4 "=- . — 4 — 1 of — 
— = = 4 — - — 
. * 1 - 
= — = . L - 
n = 
2 : —_— © . — — o — - — - _ — 2 — — 
- — N . \ _ - % 7X — 2 R 3 
> .. 3 — — — 
5 „ ö 2 — 2 


- — 1 — r 
— — * 82 » N = * - . * * d 
1 — > > - — — - — 
— wm ACSI _— _ _ — <p 
. 
A _ 0 8 8 == 
— - ” — — — — — — — 2 7 
— — - —̃ — - — _ — - —— = — — - : . * - 
— —— ä x — . — — —— — — — - = TT — 
- - - 
— 


- = 
— — „ 


— — — — — — — 


—— 


rr 


—— — —— 


— — 


— — 


— — — — 
. — 


that part of the world, being ſubſtituted in lieu of tho: 
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the aggregate reſult of Mr. Dt Luc's obſervations, Where 
the lowermoſt barometer ſtood about 1300 feet ab; 
rhe ſea, the equation for the ſame temperature ſcemeq 
not to exceed -+:-. Laſtly, theſe circumſtances being 
confronted with the reſults of Mr. BOUGUER's obſeryz. 
tions, where the lowermoſt barometer ſtood from 6009 
to 8000 feet above the ſea, the mean equation for 5; 
was only 53, which gives i for the heat of 52% Non 


theſe Peruvian obſervations, which I believe to be ex: 
ceedingly good from the ſteadineſs of the barometer in 


not yet obtained in our own quarter of the globe, ther: 
ſeemed to me to be a neceſſity for conchading, that th: 
equation for middle latitudes, with any aſſigned tempe- 
rature above or below the zero of the ſcale, diminiſhe( 
as the height of the place above the ſea increaſed; which 
conſequently implied, that the magnitude of the logs 
rithmic terms increaſed faſter than the dilatations of the 
air, But when the compariſon was carried yet farther, and 
the obſervations in Peru and at Spitzbergen were fait!) 
brought into one view, there appeared to be ſufficient 
grounds for ſuſpecting, if not abſolutely for concluding 
that there could be no fixed zero for the ſcale depending 
on the temperature of the air; but that it would change 


with the denſity of the atmoſphere appertaining to the 
latitudes 
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utitudes, climates, or zones of the earth, where the ob- 


ſervations were made. On this ſuppoſition it was natural 
fr the mind to form to itſelf ſome general hypotheſis, 
which might ſerve to account for the appearances; and 
the firſt that preſented itſelf was the following: that the 
atmoſphere ſurrounding our globe might poſſibly be 
compoled of particles, whoſe ſpecific gravities were 
really different; that the lighteſt were placed at the 
equator; and that the denſity of the others gradually in- 
creaſed from thence towards the poles, where the hca- 
vieſt of all had their poſition . 

It is a well known and eſtabliſhed fact, that in the 
middle latitudes, a North or North-caſt wind conſtantly 
rates the barometer, and generally higher as its con- 
tinuance is longer. The contrary happens when a South 
or South-weſt wind blows; for I believe it is commonly 
loweſt when the duration and ſtrength of the wind from 


(:) It was ſuggeſted by Dr. GORE FORDYCE, that equatorial and Green- 
land air might be brought bottled up, and weighed in this country in air of the 
lpeAive temperatures, by means of a curious balance whereof he is poſſeſſed, 
n order to fee whether any difference could be diſcovered in their ſpecific 
avities, A thought of the ſame kind, but more eafily put to experiment, 
curred to Lieutenant GLENIE, of the Royal Artillery, namely, that of 


y MS. . : p 

NS "ung equatorial and polar ſea-water. To this gentleman I am obliged for 

ding * alliſtance in part of the manoinetrical experiments, as well as in ſeveral of 
e computations. 

Age 
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that quarter have been the greateſt. Thus th 
North-eaſt wind, by blowing for any length of tim: 
brings into the middle latitudes a maſs of air bene 
than that which naturally appertains to the region, an 
raiſes the barometer above its mean height. The con. 
tinuance of a South-weſter carries off the heavy air, d. 
poſits a much lighter body in its ſtead, and never fal 
to fink the barometer below its mean height: hen, 
in the middle parts of Europe, there is a difference d 
about two inches and a quarter between the higheſt and 
loweſt ſtates of the barometer. But ſuppoſing it to be only 
two inches, the difference of preſſure {till amounts h 
zzth part of the whole weight of the atmoſphere. Non 
it is evident from the Peruvian obſervations, that the 
greateſt fluctuation of the barometer, which 1s at the 
level of the ſea, doth not exceed 0.226 of an inch, c 
d part of the whole preſſure; and if the change ſhoul 
be no greater at the poles, which I think not impr- 
bable, it follows, that the meaſurement of heights I 
means of the barometer, in middle latitudes, will be 
more precarious and uncertain than in the torrid aul 
frigid zones. 5 
Such in general were the firſt ideas which the comp 


riſon of the operations of the barometer with the effect 


7 


0! 
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o the North- eaſt and South-weſt wind on that inſtru- 
ment, ſuggeſted with regard to the different denſities of 
the atmoſphere in the different zones of the earth. 


But ſince the experiments on the expanſion of moiſt 
ur have ſhewn its elaſticity to be ſo much greater than 
that which is dry, I apprehend, that the ſimple principle 
of heat and moiſture may ſuffice to account for all the 
phenomena. Thus 1t 1s univerſally admitted, that there 
1 a greater degree of humidity and heat in the air, near 
the earth's ſurface, than there is in the higher regions of 
the atmoſphere. The elaſticity or expanſion of the 
lowermoſt ſection of every column of air, whether 

long 


% J have been well informed, that in China the North-weſt wind raiſes 
tie barometer moſt, and is highly electrical; it is at the ſame time the drieſt 
and the coldeſt; and at Canton, under the Northern tropic, there 1s frequently 
Ice, On the Eaſt-coaſts of North America the ſeverity of the North-weſt 
wind 1s univerſally remarked; and there can ſcarcely be a doubt, that the inha- 
bitants of California, and other parts on the Weſt-ſide of that great Conti- 
dent, will, like thoſe on the Weſt of Europe, feel the ſtrong effects of a North- 
eiſt wind, The extraordinary dryneſs and denſity of the wind from the North 
pole, ſeems therefore to be occaſioned by its paſſing over the Continent of 
Lurope and Afia on one fide, and that of North America on the other. Thoſe 
wo lire on the Eaſt and Weſt-coaſts of South America, will find the drieſt 
an. colleft winds come to them reſpectively from the South-welc and South- 
at, As the winds ſeem to be colder, drier, and denſer, in proportion to the 
eat of land they paſs over from the poles towards the cquator, ſo they appear 
de more moiſt, warm, and light, in proportion to the extent of Ocean they 

3 ” from the equator towards the poles, Hence the humidity, warmth, 
"« 121tneſs, of the Atlantic wind to the inhabitants of Eur: pe. 

% Ir. De Luc ſeems to have ſuſpected ſomething of this kind towards the 
5 D 2 end 
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long or ſhort, will conſequently be greater than the up- 
permoſt ſection of it; for the heat, by diſſolving the 
moiſture, produces a vapour lighter than air, which mix. 
ing with its particles, removes them farther from each 
other, increaſes the elaſticity of the general maſs, and 


diminiſhes its ſpecific gravity comparatively more than 
it doth that of the ſection immediately above it, wherc 
there is leſs heat and leſs moiſture. Hence I infer, th: 
the equation for the air, in any aſſigned vertical, wil 
gradually diminith as the elevation of the place aboye 
the ſea increaſes, and that it will vaniſh at the top of the 
atmoſphere. This is 1n ſome reſpect confirmed by the 
experiments on the expanſion of rare air; for from them 
it appears, when the particles are very far removed 


from each other, by a great diminution of preſſure, as 1s 
undoubtedly the cafe in the higher regions of the atmo- 
ſphere, they loſe a great part of their elaſtic force. Thus 
the equation, anſwering to any particular temperature, 
above or below the zero of the ſcale, at different heights 
above the ſurface, will, I apprehend, be expreſſed by the 
ordinates to a curve of the hyperbolic order, whoſe cui- 


end of his 8th chap. ſur les difficultis d vaincre and in that which follows, he 

Fi I . - . * . 129 
gives proofs of the lightneſs of vapours with regard to air, ſaying, that ty 
point out fire to be their vehicle. He afterwards quotes NEWTON with re[p*C 


to the ligh.nefs of a humid atmoſpliere compared with one that is dry. 


5 1 ature 
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ature may be ſuppoſed to change fait near the ſurface 
if the earth, and differ inſenſibly from a ſtraight line at 
great heights above it. 

With regard to the latitudinal equation, the ſame 
principle of heat and moiſture ſeems to make it proba- 
hle, that ſuch will become neceſſary in operating with 
the barometer; for it is well known, that there is a great 
lecree of hunudity in the air between the tropics; and, 
on the contrary, that the polar atmoſpheres are very dry. 
The heat and moiſture being greateſt at the equator, there 
the elaſticity or equation will likewiſe be the greateſt at 
che level of the ſea; and the zero of the ſcale will neceſſa- 
rily deſcend to a lower point of the thermometer, than 
lat to which it correſponds in middle latitudes. As the 
elaſticity of the air at the level of the ſea, or equal 
heights above it, with the ſame degree of heat, wall al- 
ways be proportionable to the quantity of mor{ture diſ- 
ſolred in it, therefore it will gradually diminiſh from the 
equator towards the poles; that is to ſay, the zero oft the 
cale will aſcend in the thermometer, coincide with the 
321 degree in the middle latitudes, and, in its motion 
vards, will give the equation to be applied with the 
Mary ſign in high latitudes. Hence I infer, that every 
Fitule, climate, or zone, will not only have its particu- 
kr zero, but alſo its particular curve, whole ordinates 

will 
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will always meaſure the equations app cable in the re. 
ſpective ſituations. The equatorial curve will probably 
change the faſteſt, and the others become gradually flat. 


ter, as they approach towards the poles, where the 
greater, but more uniform, denſity of the atmoſphere 


may occaſion it to differ little from a ſtraight line. I ap- 
prehend, however, that even at the pole ſome ſmall di- 
minution might be found to take place in the equation, 
was 1t poſſible, in that region, to prove it by experiments 
at a ſufficient height above the level of the ſea. 

The table of the equation, depending on the heat of 
the air, annexed to this paper, is conſtructed for middle 
latitudes. It extends to temperatures from 1 2* to 92* of 
FAHRENHEIT; and for ſituations ſo greatly elevated 


above the ſea, as to make the mean barometer between 
the two ſtations ſtand no higher than 19 inches. As the 
equation correſponding to the lower parts of the atmo- 
ſphere, contained in the right-hand columns, will come 
more frequently into uſe than that appertaining to the 
higher regions, comprehended in thoſe on the lett; 
therefore, in the firſt, it is given for every half; and in 
the laſt only, for every whole inch of deſcent of quick- 
il ver in the tube. 


The equation found in the column of 29 inches, cor 


xcſponds exactly with the expanſion of air reſulting from 
T the 
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the manometrical experiments; and the ratio of diminu- 
tion, in the temperature of 327, hath been taken from 
the Peruvian obſervations, ſuppoſing it to decreaſe uni- 
formly =; on each inch, or +32; on the eight inches be- 
tween 29 and 21. For the ſake of ſimplicity, as well as 


from the want of ſufficient data for aſcertaining the 
lengths of the ordinates of the curve, the arithmetical 
hath been preferred to any progreſſive diminution that 


ſults would have agreed better with ſome of my own, as 
well as Mr. DE Luc's obſervations. In each of the co- 
lumns the equations for particular temperatures, com- 


tionable, ſo that the maximum of the rate always cor- 
reſponds to the ſpace between 5 2* and 7 2?, as indicated 
by the manometer. It will be obſerved, that though the 
equation in the table is only given for every 10? of dif- 
terence of temperature, yet, by the intermediate rates for 
ſingle degrees in the columns reſpectively, and the ratio 


tne equation for any particular temperature may be rea- 


ird part of the rule, for meaſuring heights with the 


barometer. When the mean temperature of the column 
he 


* 


might have been adopted, though by this mode the re- 


pared with that for 1 25 or 927, are reciprocally propor- 


of diminution for the height of the mean barometer 
above the ſea, expreſſed in that towards the right-hand, 


ly obtained. The application of this table makes the 


1 
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of air is above 32? of FAHRENHEIT'S thermometer in the 
ſhade, add the equation correiponding to the temper. 
ture and height of quickfilver in the mean barometer 9 
the logarithmic altitude; when below 32?, ſubtract the 
equation from the logarithmic altitude; the ſum in the 
firſt caſe, and difference in the laſt, gives the real height 
Beſides the table of equation for the air, adapted to thy 
meaſurement of the greateſt acceſſible heights the bary- 
meter can roſſibly be applied to in middle latitudes, | 
have annexed, for the uſe of thoſe who may prefer ſim- 
plicity, and ſtill doubt of the vertical diminution, a ther- 
mometrical ſcale of the equation, ſuited to Engliſh an 
French meatures, with their reſpective thermometers, l 


will reachly be conceived, that the diviſions, exprefling 
the 1000th parts in this ſcale”, are unequal, ſince they 
follow the inverſe ratio of the thermometrical compare( 
with the manomsetrical degrees. Where theſe laſt art 


the greateſt, as between 52“ and 727, the diviſions ex- 
preſſing the equation are the ſmalleſt, becauſe a greater 


(r Any ſcale of this kind, unleſs it had been mechanically divided br: 
mathematical inſtrument-· maker, could not be rendered very exact; and it Wi! 
be expected, that the imperfections in the original will be augmented in cop!” 
ing by the engraver, notwithſtanding the utmoſt care on his part: Wheretot, 
on the leſt-hand fide of the plate, I have annexed the number of degrees and 
decimal parts of FAURENHEIT, below the temperature of 912.858, corre ſponditg 
to every 142th parts of the equation, by which means the unequal ſcale Wi! 
at any time, be divided with ſufficient accuracy. 


number 
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number of them correſpond to the ſame thermometrical 
ſpace. When the height 1s required in fathoms, the 
zero of FAHRENHEIT correſponds to —7 r.72, and the 
boiling point to 41 2. 49: the ſum of the two equa- 
tions 48 4. 2 1 is the actual expanſion of common air from 
the heat of 212% When the French toiſe is made uſe 
of as the meaſure, the zero of the ſcale hath been ſhewn 
to coincide with 57. 18 of FAHRENHEIT, or 21154 of 
xEAUMUR» The negative equation 1345.7 2 anſwering 
to -14*% of REAUMUR, and the poſitive 349.49 cor- 
reſponding to 4 80%, or the boiling point, being added 
together, make again 484.21. 

In order to convey a more diſtinct idea of the effect 
which heat produces in the dilatation of different kinds 
of air, compared with quickſilver, along with the ſcale 
for the equation I have placed another, expreſſing the 
«tual and relative expanſions, reſulting from the mean 
of the experiments, for every 20* of difference of tem- 


ew of the manometrical with the thermometrical 
ſpaces, mentioned in the ſecond ſection. 

| ſhall now cloſe this paper, which hath already 
_ atly exceeded the limits I wiſhed to have been able to 
ondicy retcribe to it, with a few remarks on the error of the rule, 


le mat; 


retort, 


recivable in the tables of computation, and the mea- 
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perature. This ſcale is intended to give a comparative 


o 
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ſures that ſhould, in my opinion, be taken to bring the 
theory of the barometer to a ſtill greater degree of per- 


tions of the Britiſh obſervations, it will be ſeen, that the 
error of the rule is in general very ſmall. In the Lon. 


760 Col. ROY'S Experiments for 


fection, ſuch as I believe it to be really capable of. 
By inſpection of the tables containing the computz 


don claſs it is greateſt on Shooter's-hill, making the 


height five feet too little. In thoſe at Taybridge, one q 


the obſervations on Schihallien gives a defective reſult 
29; feet; but this is eaſily accounted for, as it certain 
aroſe from the ſhort time given to the barometer to lok 
the heat it had acquired in carrying upwards, thoſ 
deſtined to obſerve at the ſummit arriving there too late 
that is to ſay, towards the expiration of the whole hou 
which the inferior barometer had been obſerved in. One 
of the obſervations on Carmichael-hill, though a ſral 
height, is defeCtive eight feet, which J aſcribe to tit 
South-weſt wind and humidity of the air. From the 
ſame cauſe I would account for the uniform defect i 
the firſt part of the Edinburgh obſervations: in the! 
part of theſe, the circumſtances having changed, the e 
ror hath the contrary ſign. In the Linhouſe claſs of ob 
ſervations, the ſame cauſe of defect appears on the I 
of December, 1775, and on the 2oth of Novembef 


and 17th of December, 1776. The only reſult which 
conſid 
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confider as very irregular, and do not pretend to account 
for, is that for the height of Moel Eilio, a hill ſituated 


+371 feet, is exceeded by the barometrical reſult 2 1 feet, 
though the circumſtances were ſuch as, in other caſes, 
generally make it fall ſhort. 
At the bottom of the tables of computations I have 
occaſionally ſubſtituted Mr. dE Luc's equation for the 
air, in calculating one or more of the greateſt heights, 
that the difference between the two methods might be- 
come more obvious. Thus the firſt obſervation on Schi- 
hallien is defective 67- feet; the mean of thoſe on Tinto 
29 feet; Moel Eilio 41 feet; and Snowdon 81 feet. 
With reſpect to the reſults that the rule produces on 
Mr. DE 1Uc's heights it will be obſerved, that it anſwers 
rery well in the cold obſervations, which, with his rule, 
were often defective 60 or 70 feet; but gives too much 
In thoſe that are hot. If, however, the whole of theſe 
hot obſervations had been included, the apparent error 
would have been leſs; foy the mean defect was taken at 
= for the hotteſt temperature, whereas it ſometimes 
Mounts to 258. On the height of the Dole the rule errs 
n defect; and on the mean of Mr. DE LA CAILLE's ob- 
ſervations, at the Cape of Good Hope, it exceeds the 
ruth. By ſubſtituting Mr. dz Luc's equation for the air, 
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between Carnarvon and Snowdon: the real altitude 
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of ſimplicity I adapted the formula to the height of quickfilver in that bar 
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in the computations of the Dole and Table-hill, the re. 
ſpective reſults are defechve 96 and 62.6 feet. 

To the Britiſh obſervations a table is annexed, con- 
taining the barometrical computations of altitudes not yet 
determined geometrically. In the chief part of theſe the 
inferior barometer ſtood at Belmont-caſtle, the ſeat of the 
lord privy-ſeal for Scotland, by whoſe directions the cor. 
reſponding obſervations were made. This table likewiſe 
comprehends Mr. BANKs's obſervations in 1772, for the 
height of the South-pap of Jura, above Freeport in the 
iſland of Iſla, and thoſe he made the ſame year, to ob- 
tain the height of Mount Hecla, above Hafniford in 
Iceland. 

Laſtly, it 1s to be obſerved, that in the application of 
the table, the equation found in the columns 297, 30, 
and 30, will never come into uſe, except in the mes. 
ſurement of ſhort columns of air, whoſe baſes ſtand at, 
or not much above, the level of the ſea”. In an iſland, 

whole 


„ Having been accuſtomed, from the beginning, to call the ſtation of tie 
interior baroineter the place of obſervation, and to ſuppoſe the mean height of 
its quickfilver to denote the elevation of the place above the ſea, for the ſale 


meter, and made all the computations in the tables according ly. But it havigg 
been ſuggeſted to me, firſt by Sir GEORGE SHUCKBURGH, and afterwards U 

f ; f 
Mr. Dt Luc, that this mode, though the eaſieſt, was not ſtrictly accurate, ® 


ON: 5 HL RR ion far 
conſiſtent with the principles whexeon a vertical diminutioa of the equation \ 
* 
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hoſe climate is ſo very variable as that of Britain, ſet- 
tled weather ſhould be choſen as the beſt time for obſer- 
ations. With any ſudden fall of the barometer, in any 
aſſigned ſtation below its mean height, it is apprehended 
that the rule will have a tendency to give defective re- 
ſults; and the contrary ſhould happen when, from the 
increaſed weight of the atmoſphere, it riſes much above 


the mean height. 
From what hath been ſaid in the courſe of this paper, 
it will be perceived, that though the error of the rule is 
in general very ſmall, yet now and then ſuch irregulari- 
ties do occur as plainly ſhew, that ſomething ſtill remains 
to be done, in order to perfect the theory of the baro- 
meter. | 
The exiſtence, or otherwiſe, of a latitudinal equation 
being a point of the greateſt conſequence, ſhould be de- 
termined with ſo much care as to leave no doubt remain- 
ing on that head. And as this can only be effected by 
lfferences that are extremely obvious, the obſervations 
lor that purpoſe ſhould be made at the equator, and as 
near as poſſible to the poles'”. Peru is no doubt the beſt 
ſituation 


tie heat of the air was founded, I have fince changed it to the mean barometer, 
0 middle of the column of air intercepted between the two ſtations, In this 
"2 all the great heights have been re-computed : tne ſmaller altitudes, not 
being ſenſibly affected by the alteration, continue as at firſt. 


(t) Some idea may be formed what altitudes on the ſurface of the globe are 
acceſſible 
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ſcheme of that kind into execution, ſuch as may be more 
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ſituation on the globe for concluſive equatorial obſery;. 
tions; but as it would be found very difficult to carry any 


eaſily obtained in our Weſt India iſlands, which have the 
higheſt mountains, would be very ſatisfactory with re. 
ſpect to the expanſion and weight of moilt air, at dif. 
ferent heights above the ſurface. At the tops of the 
mountains in the torrid zone, the obſervations would 
always be ſufficiently cold; but it would be of uſe like 
wiſe, to have the coldeſt poſſible at the level of the ea, 
under or near one of the tropics, when the Sun was in 
the other. 

With regard to obſervations in the frigid zones, Spitz: 
bergen ſeems to be as proper a ſituation as any; though 
others may no doubt be found in the Northern parts df 
the Ruſſian empire: and it is preſumed, that the Pe. 
terſburg academy would direct the experiments to de, 


made. ? 


acceſſible to man, by conſidering the height above the ſea of the inferior line 
of perpetual ſnow. In the middle of the torrid zone it appears, from Mr, 
BOUGUER's obſervations, to be elevated 5201 yards, and 4476 about the tro 
pics. In middle latitudes there is everlaſting ſnow on the mountains at ths 
height of 3300 yards. In the latitude of 80* North, Lord MULGRAYE found 
the inferior line of ſnow to be only about 400 yards above the ſea: whence F 
may conclude, that the ſurface of the earth, at the pole itſelf, is for ent 
covered with ſnow, . 


The 
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The Peak of Teneriffe, Etna, the mountains of Au- 
vergne and Rouſſillon, as well as Hecla in Iceland, are all 
very proper-for obſervations in intermediate latitudes. 

Within the iſland of Great Britain, Ben Nevis ſeems 
to be the beſt mountain for barometrical obſervations, 
becauſe of its great height, its vicinity to the ſea, and 
that there is very good ground cloſe to its foot (which is 
rarely the caſe in the Highlands) for the meaſurement 
of the baſe that would be made uſe of in the geometrical 
operations. 

One of the chief cauſes of error in barometrical com- 


putations, I apprehend, proceeds from the mode (though 
ſimplicity is in its favour) of eſtimating the temperature 
of the column of air from that of its extremities, which 
muſt be faulty in proportion as the height and dif- 
ference of temperature are great. Where very accurate 
concluſions are expected, ſimultaneous obſervations, at 
different times of the day, and different ſeaſons of the 
rear, ſhould be made with ſeveral barometers, placed at 
üfferent heights, each accompanied with a thermometer 
ad manometer. By this method, the progreſſion of 
temperature, as well as the law of diminution of the 
equation, from the poſition of the inferior barometer 
bove the ſea (if ſuch diminution doth really take place) 


(u, This is taken notice of by Mr. DE LUC. 


would 
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would be obtained with certainty. Suppoſing, for in. 
ſtance, Ben Nevis was divided into four ſections, five ba. 
rometers, with as many obſervers, would be neceſſary, 
This number may ſeem great, but the expence of peo- 


ple employed in that way would be inconſiderable. An 
if it ſhould be judged proper, there could not ſurely be 
any great difficulty in providing reaſonable accommodz- 


tion for an obſerver, who ſhould live a whole year at the 
top of the mountain, while another made correſponding 
obſervations below. | 

But the perfecting of the theory of the barometer is no 
the only advantage that would accrue from a combina 
tion of theſe obſervations; for, while they were cart. 
ing on in different climates, or zones of the earth, gool 
opportunities would offer of determining the refractions 
as well as the force of gravity and figure of the globe, 
from the vibrations of the pendulum. 

The mean expanſion of common air is already found 
to be greater than what was formerly ſuppoſed; where 
fore the mean refraction will be altered proportionabl!. 
And ſince the expanſion of moiſt air is found to be f 
much greater than that of common air, a larger field f 
inquiry and inveſtigation is now laid open. 

With reſpect to the experiments with the pendulum 
Mr, B0UGUER ſeems to have been the only perſon, ſo fi 
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sI know, who hath taken the denſity of the medium 
in which it performed its vibrations into the account, and 


J. given us its length at the equator in vacuo. But if we 
re to judge of the denſity of the air in the frigid zone 
from the barometrical obſervations at Spitzbergen, the 


pendulum there muſt have loſt ſo much of its weight, as 
to have leſſened conſiderably the number of vibrations 


below what they would have been in vacuo, in the ſame 
temperature. Having conſidered the effect that this 
would produce, I collected the beſt experiments that 
have hitherto been made with the pendulum into one 
view, and having applied the equation that the denſity 
of the air, in which they ſeverally vibrated, ſeemed to 
require; I found from computation, that the ratio of the 
diameters of the earth is (as Mr. BouGUER ſuppoſed it) 
nearly that of 178 to 179, inſtead of 229 to 230, as 
eſtimated by Sir Is AAc NEWTON, and which agrees very 
nearly with the mean reſult from the meaſurement of 
the degrees of the meridian. The experiments with the 


often in all ſituations, and are ſo much more conſiſtent 
id fol with each other, than the meaſured lengths of degrees 
or latitude, that it appears to be incomparably the beſt 
ulumzga-thod for determining the figure of the earth. And if 
fo fit mould really be found ſo flat a ſpheroid as the pendu- 
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lum ſeems to make it, both parallaxes and re fraction 
will require correction. 

Upon the whole, though I wiſhed to be conciſe in the 
recital of the experiments and obſervations contained in 
this paper, yet I found it neceſſary at the ſame time tobe 
explicit. Some of them were either entirely new, or mz 
naged in a different manner from what they had for. 
merly been. This forced me into a compariſon of man 
minute circumſtances attending the operations, and 0 
tedious, though neceſſary, combination of the variou 
reſults. Without taking a comprehenſive view of th 
whole matter, and ſtating every thing with fairneſs an 
candour, I could not convey to others the ideas I enter 
tained of it myſelf; nor enable them to judge, how far 
had been juſt in the concluſions already drawn, or con 
ſiſtent in my ſuppoſitions concerning ſuch points as at 
yet left doubtful. If I have been obliged to differ tron 
Mr. DE LUC, it is becauſe the Britiſh obſervations, as we 
as his own (conſidered by their extremes) ſeem to auth 


rize it: he is himſelf too candid to ſuppoſe, that I hal 
had criticiſm in view, or indeed any other object, tha 
that of contributing my mite towards the di{cover! ( 
the truth, from the very good foundation which he hat 


already laid for it. I am aware it may be alledged, 
5 


I have rendered the theory of meaſuring heights 
5 


769 
de barometer ſo much more complicate and difficult, 
s perhaps to deter others from applying it to uſeful 
poſes. Fo this I anſwer, that though it ſeem utterly 
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4 
mpoſſible to render what is really intricate in its na- 


ure, extremely ſimple; yet that the beſt and ſureſt 
method of arriving at ſimplicity at laſt will, in the firſt 
place, be to aſcertain the limits of deviation of the 
rule, by a proper number of good obſervations, made 
1 circumſtances and ſituations as different as poſlible 
from each other. In the preſent ſtate of the matter, I 
lubt not but the barometer will be found to give re- 
ſults ſufficiently near the truth for all ordinary purpoſes, 
the nicer buſineſs of levelling alone excepted. It is the 
only inſtrument by which the relative heights of places, 
in very great and diſtant tracts of country, can eaſily and 
ſpeedily be obtained, by the preſſure of the atmoſphere 
ronWalone. The method of uſing it is attainable by all, re- 
luring only a little habit, and ſome degree of attention 
bo prevent the admiſſion of air into the tube. Few peo- 
ple are qualified for the tedious and very laborious ope- 
thaWWations of accurate geometrical meaſurements. Moun- 
rv inous countries rarely afford baſes of {ſufficient length, 
. hal@"bich, to avoid error, muſt be meaſured again and 
gein with the utmoſt care. Inſtruments of the moſt ex- 
ats Wſntive kinds muſt be employed to take the angles; at 
e fame time that a thorough knowledge of their ule, 
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and a ſcrupulous attention to their various adjuſtmen 0 


become indiſpenſably neceſſary. In ſhort, the facility 
one method, compared with the other, is ſo exceedingh 


obvious as to need nothing elſe to recommend it ; - 
ſubject very curious and uſeful, and therefore well wor 
thy of the reſearches of philoſophers, till, by their unite, 
labours, it hath been brought to perfection. 
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one method, compared with the other, is ſo exceedin 
obvious as to need nothing elſe to recommend it 
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column of air, and its elevation above the ſea, as denoted by the mean height of quickſilver in the 
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Ne I. Computations of barometrical obſervations made on heights in and near London. 
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I 11. Computations of barometrical obſervations made on heights near Taybridge in Perthſhire; 
and Ne III. of thoſe near Lanark. 
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IS = 8 AM. 44.6360 572]—070 [44-366|j 3535. = 76. | 56 }| $49 63 e | - 
rec the baro- Mean 12595 
i 210 feet. 
5 2 * py = 6 3 Ree — 3 10 
1 1757, June 39.077 | 70 |—142 [29.935 20. ; 1103. | 240.1 |) 
? [ Fix was | 14 76 141 [29.686 2. 0 = . * 158] 73 — 22.4 is 
1 | 
7 | * 8 #3 30.088 824 —163 [29.925 — 21. — + 108, ; | 
4 | ) 29.846 | 843}—169 [29.677 216.8 = 90. | — } 1.79 = 43.4 BONNY 


j 
30.116] 79 |—152 [29.964 ] 


| | 
. | i-houſe of June 23. 9% — 22.8] — — 1 1 238.2 4 0.6 12672 
bn, 237.0 ft A. Nl. 32 29.857] 75 138 [29.719 * 2107. — = 223 | 237 > .23 7 
1 June 23. $45 (39-041 | 79 (152 29. BBgl}  [(— 249] — 1 75 506.5 
1 182 19 [—150 29.640 EPO 2 — 78 75 = 233.0 | 235-3 | 
July 26, 39.021 | 833]—166 [29.855 — 22.9| — +111. | 
P. u. 5 770 831 —164 29.676] 177 =107. | — | 577 {]= 238 | 238-5 1) | 
[4 | 
| Mean | 76 | 
2 { [39.019 | 
. IE 177-146 ee J — F + 111.5 
| | | | 
'x the barometrical height of 4 — | —_ | 
Turin aboye Genoa, 29.197 | 723.6 | 77 ' | 803.2 | 
| | 
| 3 7 54 29.1251) L — — | 18 80.6 | 
| ([29.266 
| | ö 
ue barometrical height of Mr. 29 19} 723|—129 [29.190 — | — ” RE + 99. 8 ö 
n Luc's room above Turin, 1%. 31 724|—126 [28.705 l; 436.6 — 1 — jl 15] {|= 43-2 p| +19 [ | | | 
Mr. dE Luc's room above Genoa, — — 1283. | 
Surface of the Lake of Geneva in ſummer below Mr. Dx Luc's room, $53.3 
Surface of the Lake of Geneva above the Mediterranean, _ 1229.7 | 
By Mr. pr Luc's rule the Lake is elevated above the Sea 1126 French, or 1200 Engliſh feet. | 
n the obſervations on the Dole, if Mr. pt Luc's equation for the air is ſubſtituted inſtead 3894 66%.6—39%.7=26%9 X 2.1 j + Bd Error. 


of that reſulting from the Britiſh obſervations, the barometrical height will be, =4114.—96.0 


| 
| 
| 
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Mr. DE LA CAILLE's barometrical Obſervations, Sept. 22, 1751, at the Cape of Good Hope. 


E:ft ggnal on the \ [ | | | | | 
| |] | able hill above þ 3417 | 30 174 | | 
the ſea, —— —.172 1 g 8 = wb. 66? 2 + 02.4 | | 
jtlewght of the ob- k || 110 3 . 9-09 | E 5 | | 
| ſeryatory, 23 i 1 A. „ 30.001 | | 3192, 58 an 3391.2 | | —_— 2 4118 11713 
Vertical diſtance \ | p | K 66 | 3 | 
4 . 8 \ 3403 26.502 52-058 [26.444 [0K 50 =199. | | 
meters in feet, } | | [ | 
| | 
Weſt gie zal above ) 30.174 | | | 
| the lea, 34 68 1 —. 197 | 6 : Fe | 
| —— * — . + 62. ö 
pa of the ol RIS 1 a | 1 66 111 [29 866 | | 179 6 q + | | | 
evatory, ' o 39' 4 129.977 | EC 
— { P.M | | 3289. | 58 | — 3494-2 | = = [+492]! 1662 
Vertical diſtance | | | | | * 168 | 
4 the bean. þ 3654 | | n 50 — 053 56.324 =544- | 50 | PE | | | k can 11087 
» — J 


With Mr. pr 


Mean + fla Py 
roc's dane 3426 — $3249 $58%—39% 7 8 18˙.3 * 2.14 4 $3644 „ OT IN. TER 5 N „ 
for the air — 124. 4 
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Computations of barometrical obſervations made on heights 
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that have not 


geometrically, 


been determined 


. 5 i * 9 o 4 
* Art. 1 +» * + N 19454 


122222. U : 4.3 4 
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eint: 
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Date. 


Stations of the baro- 
meters. bo, 


of the inferior 
and ſuperior ba- 


Obterved heights 
romerters, 


Sept. 11. 


Sept. 17. 


Sept. 12. 


dept. 1 3. 


Aug. 22. 


m5 Sept. 5. 


Sept. 5. 


77% Aug. 29 
. mean of three 
VIIVAaTIONsS, 


The interior barometer at Belmont-caſtle. 


{,evel of the ſea at Inver- 
gouric, and Belmont- 
caſtle. 

Superior barometer, 

Top of Kinpurney- 
hill. | 


| Ditto. 
Caſtle Menzies, 


Top of Farragan. 


| 


* 


Top of Ben More. 


Top of Ben Gloe. 


| Top of King's Seat. 


| Hill of Barry. 


Dunſinane hill, 


Quay at the new bridge 
of Glaſgow, and ſtation 
at Lanark. 


Ila, 19 feet above the 
lea, and tummit of the 
| South-pap of Jura, 

Hatniford in Iceland, at 
the ſea ſhore, and ſum- 


mit of Mount Hecla. 


Top of Ben Lawers. 


Blair of Athol-lawn. 


Freeport in the iſland of 


30.224 


29.859 
24.722 


| 


— 


Temperature of 


he 


— 


—— 


| Ventica! diſtance 


Temperature | 
of the air, 


— 


Hormontal dif- 


of the 


the quickſilver. 
barometers. 


of the baromc- 


ters. 


parti- | 


in tooth parts, 


heat of the quick» 
heat of the air 
and in feet. 


ſilver. 
reſult in feet. 


Equated heights 
Logarithmic 
Equation for the 


Equation for t 


| 


—Y 
OI 
* 


tance of the bña- 
rometer in males. 


27.042 | 
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Computations of Mr, BOUGUER's obſervations in 


mean temperature of the day, be 


Stations of the baro- 


the ſea, 
1 
1 
OE [ Coracon, 
4 S Carabourou, 
8 © 
2 = Pichincha, 
82 CCarabourou, 
EX: 
8 = Coracon, 
{55 2 Quito, 
1 
E Pichincha, 
8 — Quito, 
I 
Q 2 2 
Fo 
52 | Quito, 
- L Carabouron, 


Heights of the columns of 
air, whoſe baſes food at 4 


| meters, with their 
Relative heights of the ations, | geometrical diſtance 
| with reſpect to the South-ſea, in feet. 
| —— 
{ * 
| 15833 South-ſca, 


Coragon, 


l 
South: ſea, 
Pichincha, 


South; ſea, 
| 9374 { Quito, 


South-ſea, 
Carabourou, 


15504 


7840 { 


6 


Carabourou, 


1993 { Coracon, 


Carabourou, 
Pichincha, 


Quito, 
Pichincha, 
Mean of the 
four ſuperior 


columns, 


Carabourou 
| 1534 Quito, 


| Obſerved heights 


of the inferior 
and ſuperior ba- 
rometers. 


GO 
4» + 


2 


Temperature of 


'—P 
| 4 


quick- 


Equation for the 
heat of the 


hhlver. 


14 


4 


1 


ſuppoſing them to have been made at correſponding times, and in the 
10 | 


* 
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en the coldeſt of the morning and hotteſt of the afternoon. 
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— [16.586 | 19-05] 6236.5 0 = 35.7 7 15021 
—189, ＋ 3+ [16204104141 16893 | 
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10.939 8 — 
36.3 — — — — * — wm 16793 
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XXV. Account of a new Micrometer and Megameter 
By the Abbe Boſcovich, &c. 


tad June 19, Þ FAVING heard that the Abbe ROcHON. 
* had exhibited a kind of micrometer, 
hich, by means of a priſm of rock cryſtal whoſe angles 
ould be varied, gave two images of the ſame object, and 
anged their diſtances by the circular motion of one of 
e two parts which compoſed it; I told ſome of my 
riends, and among others the celebrated Abbe roxTANa,. 
at I ſaw very well how the thing was done; but that a 
onſiderable improvement would be made in it if the diſ- 

nce from the priſm to the focus of the eye-glaſs were 

made 


MK. — 


Memoire ſur un nouveau Micrometre et Megametre. Par M.“ 
Abbe Boſcovich, Directeur d'Optique de la Marine. 


— —— 832 — Tax ,—_— — — 2 — 
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UAND Pai ſcu que M. PAbbe Rochod avoit fait voir une eſpece de 
micrometre, qui, par le moyen d'un priſme de criſtal de roche a angles 
ariables, donnoit deux images du meme objet, ct en changeoit les diſtances par 
mouvement circulaire d'une des deux parties qui le compoſoient; je dis a 
eſques- uns de mes amis, et entre autres au cclebre M. I' Abbe roN ANA, que je 
ois bien comment cela ſe faiſoit; mais qu'il y auroit beaucoup plus a ga- 
Wer, fi l'on rendroit variable la diſtance du priſme au foyer de la lunctte: Pai 
I ajO0nte 


T = A ——— ————— 
—_— 
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—— 
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made variable. I added that the ſame effect might 
produced without the double refraction of the ro 
cryſtal, with a priſm made of common glaſs, only {m; 
ler than the aperture of the object-glaſs. The ra 
which paſs through the priſm would then form an ima 
which would be ſeen out of its natural place; and thc 
which paſs without would give another image, in t 
ſame place it would have appeared 1n, if. the priſm h 
not been there. | 

A few days after, the Abbe FoxTAaNa was told, th 
the Abbe RocHON had thought of another micromet 
with a priſm of rock cryſtal, which, approaching mo 
or leſs to the focus of the object-glaſs, had the adva 
tage of producing a very great effect, and might | 
achromatic; that having accordingly had his inſtrume 


executed, and made ſeveral obſervations with it, he h. 
Prepared a paper on the ſubject, to be read at the ne 
meet 


n F ta 


ajoutẽ que Von pouroit avoir le meme effet ſans la double refra&tion du cri 
de roche, en faiſant un priſme a verre ſimple, mais plus petit que Touvert 
de l'objectif. Les rayons qui paſſent par le priſme, formeroient alors une im 
deplacte de ſa poſition naturelle, et les autres qui paſſeroient dehors, donncroi 
Pautre image, ala meme place qu'elle auroit, s'il n'y avoit point de priſme. 

Quelques jours apres on a annonce a M. FoNnTANA que M. FP Abbe Roch 
avoit imaginé un autre micrometre a priſme de criſtal de roche, qui, * 
prochant plus ou moins du foyer de Pobje&if, avoit Pavantage de produire 
effet tres grand, et de pouvoir etre acromatique: qu'ayant fait executer 
inſtrument, et fait avec lui pluſieurs obſervations, il avoit prepare un mem! 
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meeting of the Academy. This the Abbe roN TAN A im- 
mediately told me, and I repeated what I had ſaid to him 
the firſt time on the effect of this micrometer; adding 
at the fame time the preciſe meaſure of the ſcale for the 

meaſure of the ſame effect, and the facility of obtaining 
the ſame thing without the rock cryſtal; mentioning 
likewiſe other advantages which might be derived from 
the common glaſs priſm not covering the whole aper- 
ture of the object-glaſs; and, amongſt others, that of 
1d, that i being able to meaſure much greater angles by this means 
rometer © than by the double refraction of the rock cryſtal. 

ig moe] The Abbe ROHON did accordingly read his paper to 
_ advan-W the Academy, and mention has been made of it in the 
ight be public prints: he has therefore the merit of having thought 


m8 


— EC" 


trument of the ſame thing, at the ſame time with, or perhaps 
he had before 
me newly 5 Bs 3 
meeting - | 
ſur cet objet, pour lire à la prochaine {cance de Academie. Mr. PAbbe rox- 
rana eut la bonté de m'en avertir immédiatement; ce fut pour lors que je lui 
: repetai ce que Jayois eu Phonneur de lui dire la premiere fois ſur l'effet de ce 
] du crifta . . * i _ * 
Bat nucrometre, en y ajoutant la meture precife de l' chelle pour la meſure du meme 
ertum nn : - | 
Foun wo effet, et la facilite d'obtenit la meme chole ſans le criſtal de roche, avec d'autres 
of 3 . % © 
+ UNC um awantages que Pon pouv-it tirer qu priſme a verre ſimple, ne couvrant pas toute 
clit 3 . 
bee Touverture de Pobje&tif, et entre autres celui de pouvoir meſurer par ce moyen 
prilme., ds | 85 ; n a gal d 
5 angles beaucoup pius grands, que par la double refraction du criſtal de 
be ROCKBOY oy 
. . N ge. 
§ UÞ* * 4 A % . , . - 
ö * , J. PAbbe gocho a recllement lu à Academie ſon mẽmoire, et on en a fait 
ulre . DS. | i 2 f 
pro mention dans les gazettes: ainfi il a le meritc d avoir unagine la meme choſc, 
xecuter {01 8 dans 
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on the ſubject; he has been the firſt who announced itt, 


ble refraction of the rock cryſtal for his micrometer, and 
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before me, without any knowledge whatever of my ideas 


the world, who had it executed, and who made uſe of it: 
I have therefore no pretenſions whatſoever on that head; 
he has the merit of a great diſcovery, and aſtronomy has 
the ſole obligation of it to him. 

But the Abbe RochoN has only made uſe of the dou- 


I am aſſured he has ſaid, that his priſm could give him no 
more than fix degrees. Now it is well known, that piece 
of rock cryſtal, large enough and pure enough for theſe 
purpoſes, are extremely rare; beſides, the difficulty of 
working them is great, that ſubſtance being harder than 
glaſs, and requiring the utmoſt attention in cutting, in 
order to obtain the difference deſired between the two 
refractions. I think therefore, that it will be doing an 

eſſential 


1 


— r ä is 
II 


dans le meme tems, peut etre avant moi, et abſolument ſans avoir eu aucune cot» 
noiſlance de mes idees ſur le meme objet; de Pavoir annonce le premier au public 
de Payoir Execute, et de &en <tre ſervi le premier: ainſi je n'ai rien à pretencr 
de ce cote li: il a le merite d'une belle decouverte, et Paſtronomie lui en 
toute Vobligation, 

Mais M. VP Abbé rocuon na e pour ſon micrometre, que la doubi 
refraction du criſtal de roche; et on m'a aſſure qu'il a dit, que fon W 
pouvoit lui donner que juſqu'a fix dzgres. On ſait bien que les pieces alle 
grandes de cette matierc, et aflcz pures, ſont tres rares; outre la difficulté de! 
travailler, etant plus dure que le verre, et quelle attention il faut avoir pour 
bien couper afin d'avoir la difference des deux refractions que l'on vcut. A 
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fential ſervice, to propoſe another micrometer of com- 
non glaſs, to explain the theory of it, and to extend it to 
nuch larger angles, which may render it applicable to 


geographical latitudes and longitudes. 


he Abbe FONTANA its effect for the double image of the 
zun on his excellent little achromatic glaſs: the two 
mages were procured by applying this priſm to the ob- 
ect-glaſs with the hand, in ſuch a manner that it covered 
only one-half of it: puſhing it more or leſs forward, occa- 
honed a change in the brightneſs of the light of the two 
mages, and ſhewed thatthey might be made equally clear. 
By changing the inclination of this piece, the diſtance be- 
ween the two images was varied, which did not alter 
when 


— _ — —— —— — — 
— 
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 crols rendre un ſervice encore plus conſiderable, en propoſant cette autre eſpece 
e micrometre A verre ſimple, en developpant fa theorie, en Fetendant aux 
agles beaucoup plus grands, ce qui donne le moyen de Pappliquer auſſi aux 
rumens d'optique, que la marine doit employer pour obſerver les latitudes et 
meitudes geographiques, 

Tavois deja fait faire un priſme de cette eſpece; et fis voir au meme NI. 
Abbe FONTANA ſon effet pour la double image du Soleil, fur ſen excellente 
tite lunette acromatique: on avoit les deux images, en Pappliquant a la main 
” "objeftif, de maniere qu'il n'en couvroit que la moitie. En le pouſſant 
las ou moins avant, on changeoit la vivacité de la lumiere des deux images, ou 
WW 10yoit qu'on pouvoit les reduire à une clarts egale; en variant l'inclinaiſon 
ette piece on varioit la diſtance des deux images, qui n'avoit aucune varia- 
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he optical inftruments made uſe of in the navy, in taking 


[ had already made a priſm of this ſort, and ſhewed 
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when its diſtance from the object-glaſs was varied with. 
out the glaſs. This piece was a common priſm, which 
gave a reiraction a little greater than the apparent dia- 
meter of the Sun: I added another to it afterwards, of 
the ſame kind and equal, both of them having circular 
baſes. Turning one of the two parts upon its axis, will 
vary the angle from o, to double each in particular, which 
occaſions the two images to approach to, or recede from, 
each other. A much flower variation 1s obtained by the 
greater or leſs diſtance of the priſm from the object-glals; 
but there 1s a particular reaſon for which one cannot give 
it too large a one, the contraction of the pencil of rays 
belonging to each point of the object, not allowing that 
ch{tance to be very great, for fear of weakening too much 
the direct image towards the middle of the field, by tac 

Inter- 


tion en changeant, hors de la lunette, fa diſtance a PobjeQif, Cette piece eto 
un ſeul priſine ſimple, qui donnoit une refraction un peu plus grande que le 
diametre apparent du Soleil: jy ai fait ajouter après un autre ſemblable et egal, 
Pun et l'autre ayant les baſes circulaires: en tournant ſur ſon axe une des 
deux parties, on variera Pangle depuis zero, juſqu'au double de chacun cn paiti 
culier, ce qui fait approcher ct eloigner les deux images entre elles: on cher 
une variation beaucoup plus lente par Veloignement plus grand ou plus Pas 
du priſm? a VobicAit; mais il y'a une raiſon particuliere pour liquelle 02 5 
pcut pas lui en donner un trop grand; car le retreciſiement du pinceau de rag. 
appartenans a chaque point de l'objet, ne permet pas de Pen cloigner trop, c qq 
vers le milieu du champ, affoibliroit trop l'image directe, en interceptant une tie; 


wr 
& | 444 + 
L 


795 
interception of too great a part of the ſame pencil, which 
in the end would occaſion its being altogether loſt. 

I have in hand, making for me, a rude machine in 
which one of the pieces may be turned by the hand upon 
its axis, to make the diſtance between the two images 
ſomewhat larger than that which is intended to be mea- 
ſured, as for inſtance the diameter of the Sun; and by the 
help of a moveable ſcrew, one may carry the priſm, thus 
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compoſed, to a diſtance from the object-glaſs, by a motion 


ſimilar to that of the ſmall mirror of the teleſcope. I 
have had it adapted to an ordinary glaſs of about four 
feet, where its effect, for the Sun's diameter, muſt be 
much greater than an inch of motion in a minute; forthe 
other planets one may have ten or fifteen lines in a ſecond, 
or even more. Generally the ſcale is the whole length of 


the glaſs for the total reſracton of the priſm, v hich like- 
wilt 


— 
n 


8 


grande partie du meme pinceau, et a la fin la feroit perdre totalement. 

Je fais faire actuellement une machine groſſiere, dans laquelle on peut tourner 
une des deux pieces à la main, ſur ſon axe, pour rendre la diſtance des deux 
Images un peu plus grande que celle que 'on veut mcfurcr, comme du diamctre 
qu Soleil; et a Paide d'une vis de ra pel, on peut eloigner le priſme, ainſi compoſẽ, 
00 Folyectif, par un mouvement 1: mblable a celui du petit miroir des teleſcopes. 
e Pai fait adapter a une lunette ordinaire de pres de quatre pics, ou {on cet, pour 
diametre du Soleil, doit etre de beaucoup plus d'un pouce 2 mourement par 
minute; ct pour les autres planctes ou peut avoir 10 Gu 15 133945 Par ſcconde, 

Gencralcment Vechclle eſt toute la longuer ae la lunctte pour 


t plus encore. 
es G 2 f {a 


—_— _— - * m 
— — _ * _ * 
3 — 


—— — — — 


— 


— — — — 


— 


— _ — ja — * 
—— — rr Xa 7” ———"— z_ FF" 
- 


— — — 


796 ö BoscCowncn's Account of 
wiſe is the caſe in the Abbe Rocho's priſm, for the gif. 
ference of the two refractions. But one may vary the 


angle by applying the priſm without the glaſs near the 
object-glaſs, and turning one of the parts upon its axis, N bu 
In that caſe, the ſcale of the exceſs of the ſum of the re. None 
fractions of the two parts of the priſm above the difference, giv 
will be in length no more than half the circumference of Wis e: 


a circle, though the circle may be made as large as one 
pleaſes; but the difference of the diſtance of the images, 
will not be proportional to the difference of the arcs run 


through by the index. In order to determine the relation 
which the motion of the index bears to the variation of 
the diſtance between the two images, one muſt have the 
ſolution of a geometrical problem, which is eaſily gained 
by ſpherical trigonomety ; but it will be always better to 

deter- 
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la refraction totale du priſme, ce qui eſt le meme pour la difference des denn 
refractions dans le priſme de M. Abbe Rochox. Mais on peut varier Vang! 
en appliquant le priſme hors de la lunette, a cote de l'objectif, en faiſant tourn:! 
une des deux parties fur ſon axe. Alors Fechelle de Pexces que la ſomme des 
re fractions des deux parties du priſme a ſur la difference, n' aura pour fa longueu 
que la demi circonference q un cerele, quoiquꝰ on puiſſe faire ce cercle auffi grand 
que Pon veut; mais la difference de la diſtance des images ne ſera pas propor- 
tionelle a la difference des ares parcourus par index. Pour determiner la ela · 
tion du mouvement de Vindex avec la variation de la diſtance des deux images 
il faut rẽſoudre un probleme de g&ometrie, et Jen ai la ſolution bien ſiimple pat 
la trigonemetrie ſphErique; mais il vaudra toujours beaucoup micux determinet 


(E 
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letermine this relation by an actual terreſtrial obſer- 
ation of a divided ruler, obſerved at a given diſtance. | 
When the angle happens to be a large one, the co- 
lours would naturally be ſuch as would greatly deform 
me of the two images of the object, namely, that 
given by the rays that paſs through the priſm; but this 
; eaſily remedied, at leaſt in a great meaſure, by making 
each priſm of two pieces, one of common and the other 
of flint-glafs. One may multiply the compoſed achroma- 
tic priſms with variable angles by making the one give 
degrees from 5 to 5, or from 2 to 2, and the other the 
minutes. One may put two on the outſide near the ob- 
ject-glaſs, which will change the diſtance of the images 
by the circular motion, and give the angle required a 


little Iarger than the real one; and another within which 
will 


* 
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ce raport par une obſervation actuelle terreſtre d' une regle diviſce, et obſeryee à 
une diſtance donnee. | 

Quand il s'agit d'un grand angle, on auroit des couleurs qui deformeroient 
beaucoup une des deux images de Pobjet, c'eſt a dire celle qui eſt donnee par les 
ons paſſes à travers du priſme: on les evite aiſcment, au moins en grande 
partie, en compoſant chaque priſine de deux pieces, une de verre commun, et 
autre de flunt-glaſs. On peut multiplier les priſmes compoles acromatiques et 
angles variables, en faiſant que l'un donne les degres de 5 en 5, ou de 2 en 2, et 
are les minutes: on peut en mettre deux dehors, pres de PobjeRAif, qui 
angeront la diſtance des images par le mouvement circulaire, et donneront 


agle cherché un peu plus grand que le veritable; ct un autre dedans, qui 
donnera. 


— 
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will exactly give the ſeconds. I have already thought oi 
the inſtruments requiſite for obtaining all theſe objea; 
with accuracy, as well as for the application of a variable 
priſm to the common ſailor's octant, and have by me the 
ſolution of the neceſſary problems: this will be the ob. 
ject of a work I am preparing. In the mean time I pub- 
liſh this, to give others an opportunity of hitting on 
ſomething better concerning the mechanical conſtruc- 
tion of theſe inſtruments. 


* — 


donnera, avec toute preciſion, les ſecondes. Jai deja imagine les inftrumer, 
nẽceſſaires pour avoir avec exactitude tous ces objets, comme aufh pour Vappli- 
cation d' un priſme variable a PoQtant de marine ordinaire, ayant auffi la ſolutice 
des problemes neceſſaires. Tout cela ſera Vobjet d'un ouvrage que je prep 
ſur cette matiere. En attendant je publierai dans les differens journaux e 
Proſpectus, pour donner plutot a tout le monde le moyen d'imaginer fur !: 
forme mechanique des inſtrumens, quelque choſe de mieux que ce qui niet 
yenu dans Peſprit ſur ce ſujet nouveau, et bien intereſſant. 
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xXXXVI. Account of a new Inſlrument for meaſuring ſmall 
Angles, called the priſmatic Micrometer, By the Rev, 
Nevil Maſkelyne, H. D. F. N. S. am HAfironoime,- 

Royal. 


bead Dec. 18, RA CTI CAL aſtronomy was much be- 
1777. . . V * 
8 nefited by the invention of the wire 


micrometer, for meaſuring differences of right aſcenſion 


and declination: nor did it receive leſs advantage from 
Mr. SAVERY'S moſt ingenious invention of the divided 
object-glaſs micrometer, which has been rendered moro 
commodious by the late Mr. jJoHN DOLLOND's applica- 
tion of it to the object-end of a reflecting telelcope, or 
the preſent Mr. PETER DOLLOND's application of it to the 


bvject-cnd of an achromatic reiracting one. 
ut, valuable as the object-glaſs micrometer un- 
oubtelly is, ſome difficulties have been found in the q 
ie Of it, owing to the alterations in the focus of the e, 
hich are apt to cauſe it to give different meaſures of the | 
ne angle at different times. For inftance, in en 
e Suns diameter, the axes of the bencils of rays | 
32 trough the two ſegments of the object 
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contrary limbs of the Sun, croſſing one another at the 
focus of the teleſcope under an angle equal to that of 
the Sun's diameter, the union of the. limbs of the two 
images of the Sun cannot appear perfect unleſs the eye 
be diſpoſed to ſee objects diſtinctly which are placed at 
point of interſection. But if the eye be diſpoſed to ſee 
objects diſtinctly, which are placed nearer the object. 
glaſs than the interſection is, the two limbs will appear 
ſeparated by the interval of the axes of the pencils in 
that place; and if the eye be diſpoſed to ſee objects dif- 
tinctly, which are placed farther from the object-glaf 
than the interſection is, the two limbs will appear to en- 
croach upon each other by the diſtance of the axes of the 
pencils, after their croſſing, taken at that place. 

To explain this, let ov (plate XIX. fig. I.) repreſent 
the centres of the two ſemi-circular glaſſes of the object. 
glaſs micrometer, ſeparated to the diſtance ov from each 
other, ſubtending the angle oa , equal to the Sun's dia 
meter, at the point a, which is the common focus of the 
two pencils of rays having oa and va for their axes, 
namely, thoſe proceeding from contrary ſides of the Sul, 
and paſſing through the contrary ſemi-circles; and let 


be the eye-glaſs. It is evident, that if d be proper! 


placed to give diſtinct viſion of objects placed at the poin 


a, the rays o a, Va, as well as all the other rays belong! n 


5 
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to thoſe pencils, will be collected into one point upon the 
retina of the eye; and conſequently, the two oppoſite 
limbs of the two images of the Sun will ſeem to coin- 
cide, and the two images of the Sun to touch one ano- 
ther externally. But if the ſtate of the eye ſhould alter, 
the place of the eye-glaſs remaining the ſame, the eye 
will be no longer diſpoſed to ſee the image formed at the 
point a diſtinctly, but to ſee an object placed at #f, 
nearer to or farther from the object-glaſs diſtinctly; and 


therefore an image will be formed on the retina exactly 
ſimilar to the ſomewhat confuſed image formed by the 
rays on a plane perpendicular to their courſe at ef. Con- 
ſequently, as the two cones of ſolar rays, IO, cv a, 
formed by the two ſemi- circles, are ſeparated or en- 
croach upon one another at this point of the axis by the 
diſtance ef, the two images of the Sun will not ſeem to 
touch one another externally, but to ſeparate or toencroach 
upon one another by the interval ef. The error hereby 
introduced into the meaſure of the Sun's diameter will 
xes be the angle er, ſubtended by ef at 1 the middle point 
between o and v, which is to ef or oa, the Sun's ap- 


parent diameter, as ge to er, or even to ar, on account 
of the ſmallneſs of ae with reſpect to ar. 

Theſe conſiderations concerning the cauſe of a prin- 
pal error that has been found in the object- glaſs micro- 
wh VoL. LXVII. 5 H meter, 


— - —— — \ 
2 — — , , , ———— gy — 


— - 


— © — 


Dr. MASKELYNE'S Account of 
meter led me to inquire, whether ſome method might 
not be found of producing two diſtinct repreſentations , 
the Sun, or any other object, which ſhould have the ax 
of the pencils of rays, by which they are formed, diverg. 
ing from one and. the ſame point, or nearly fo: and j 
occurred to me, that this might be done by the refractiq 
of a priſm placed to receive part of the rays proceeding 
from the object, either before or after their refractiq 
through the object-glaſs of a teleſcope. If the priſm h 
placed without the object-glaſs, the rays that are n 
tracted through it will make an angle with the ray 
that paſs beſide it equal to the refraction of the priſn: 
and this angle will not be altered by the refraction of th 
object- glaſs afterwards. Conſequently, two images of a 
object will be repreſented, and the priſm ſo applied wi 
enable us to meaſure the apparent diameter of any o- 
ject, or any other angular diſtance. which is equal to tit 
refraction of the priſm. But if the priſm. be place 
within the object-glaſs, that is to ſay, between the objec: 
glaſs and eye-glaſs, the angle meaſured by the inſtrumes 
will vary according to the diſtance of the priſm from ti 
focus of the object-glaſs, bearing the ſame ratio to tl 
refraction of the priſm, as the diſtance of the priſm fro 


the focus bears to the focal length of the object- glaſs. 
L 
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Let ACB (fig. 2.) repreſent the object-glaſs, and d the 
eye-glaſs of a teleſcope, and PR a priſm placed to in- 
tercept part of the rays coming from an object, ſup- 
poſe the Sun, before they fall on the object-glaſs. The 
rays EE proceeding from the Eaſtern limb of the Sun, 
and refracted through the object-glaſs Ac without paſ- 
ſing through the priſm, will form the correſponding 
point of the Sun's image at e; and the rays ww proceed- 
ing in like manner from the Weſtern limb of the Sun 
will be refracted to form the correſpondent point of the 
Sun's image at w. But the rays 2E, 2E, 2W, 2W, pro- 
ceeding in like manner from the Eaſtern and Weſtern 
limbs of the Sun, and falling on the priſm pR, and 
thence refracted to the object-glaſs acs, will, after re- 
fraction through it, form the correſpondent points of the 
Sun's image at ze, 2. Let the refraction of the priſm 
be equal to the Sun's apparent diameter: in this caſe, at 
whatever diſtance the priſm be placed beyond the object- 
glaſs, the two images of the Sun we, 222, will touch 
one another externally at- the point e2w; for the rays 
zw, 2w, proceeding from the Weſtern limb of the Sun 
being inclined to the rays EE proceeding from the 
Eaſtern limb in the angle of the Sun's apparent diame- 
er, will, after ſuffering a refraction in paſſing through 
me priſm equal to the Sun's apparent diameter, emerge 
5 H 2 from 


another externally at the point ea, and the inſtrument 
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from the priſm and fall upon the object-glaſs parallel to 
the rays EE, and conſequently will have their focus 29 
coincident with the focus e of the rays EE, and therefore 
the two images of the Sun we, 2W2e, will touch one 


will meaſure the angle Ec zw, and that only. 

But if the priſm be placed within the teleſcope, the 
angle meaſured by the inſtrument will be to the refrac- 
tion of the priſm as the diſtance of the priſm from the Wwe 
focus of the objeCt-glaſs is to the focal diſtance of the Mref 
object-glaſs: or if two prifms be uſed to form the two Wot 
images, with their refracting angles placed contrary 
ways, as repreſented in fig. 3. and 4. the angle meaſured 
will be to the ſum of the refractions of the priſms. as the 
diſtance of the priſms from the focus of the object-glaſ 
is to the focal diſtance. of the object-glaſs. For let ac3 
(fig. 3.) repreſent the object-glaſs, and d the eye-glaſs df 
a teleſcope, and PR, Rs, two priſms interpoſed between 
them, with their retracting angles turned contrary ways, 
and the common ſections of their refracting plane 
touching one another at R. The rays proceeding fron 
an object, ſuppoſe the Sun, will be diſpoſed, by the fe. 
fraction of the object-glaſs, to form an image of the Su * 
at the focus; but part of them falling on one priſm, and ot 


part on the other, will be thereby refracted contra!) lo 
FR t 


ways, ſo as to form two equal images wwe, 2w2e, which 
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if the refractions of the priſms be of proper quantities, 
will touch one another externally at the point e2ww. Let 
ex be the axis of the pencil of rays EE proceeding from. 
the Sun's Eaſtern limb; and wco the axis of the pencil 
of rays ww proceeding from the Sun's Weftern limb; 
and the point N the place where the image of the 
Sun's Eaſtern limb would be formed, and the point o 
where that of the Weſtern limb would be formed, 
were not the rays diverted from their courſe by the 
refractions of the priſms. But by this means part 
of the rays EE, which were proceeding to N, falling 
on the priſm PR, will be refracted to form an image of 
the Sun's Eaſtern limb at e, while others of the rays EE, 
which fall on the priſm Rs, will be refracted to form an. 
image of the Sun's Eaſtern limb at 26. In like manner, 
part of the rays ww, which were proceeding to form an 
mage of the Sun's Weſtern limb at o, falling on the 
iſm Rs, will be refracted to form an image of the Sun's 
eſtern limb at 2w coincident with e, the point of the 
mage correſpondent to the Sun's Eaſtern limb; while 
others of the rays ww, which fall on the priſm PR, will be 
efracted to form the image of the Sun's Weſtern limb at 
w. The two images we, 27022, are ſuppoſed to touch one 
other externally at the point e2wWw. The ray EFR, which 
elongs to the axis EN, and is refracted by the priſm 
e to e, undergoes the refraction NRe, which (be- 
cauſe 
1 
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cauſe ſmall angles are proportional to their fines, and the 
fine of NRe is equal to the fine of its ſupplement NRC) 
is to NCR as NC or ce is to NR OT Re. In like manner, the 
ray WGR, which belongs to the axis wco, and is refractel 
by the priſm ns to 20 or e, undergoes the refraction one 
which is to oce as OC or ce is to RO or Re; therefore, by 
compoſition, ORN the ſum of the refractions ok e, NRe, i 
to oe the ſum of the angles oc e, Nc e, or the Sun's ap 
parent diameter, as Ce to Re; that is, as the focal diſtance 
of the object-glaſs to the diſtance of the priſms from the 
focus of the object-glaſs. 
Or let the priſms PR, Rs, be placed with their refrad: 
ing angles p, s, turned from one another as in fig. 4.: 
| the refraction of the priſm yr will transfer the image d 
the Sun from O to we, and the refraction of the prin 
| RS will transfer the image oN to 2 e, the two image 
| 


c—— 


20 e, We, touching one another externally at the poi | 

20%. Let ECN, WCo, be the axes of the pencils of u 
proceeding from the two extreme limbs of the Sun, ani « 
| N, o, the points where the images of the Sun's Eaſten 

| | and Weſtern limbs would be formed by the object-glah 
| 1 were it not for the refraction of the priſms; the ray En 
1 which belongs to the axis ECN, and is refracted by d 
priſm Rs to 2e, undergoes the refraction NRZe; and th 


ray WGR, Which belongs to the axis wco, and is refracte 
b 
| | 


— 6 %é “d —4 —— ——_— 
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by the priſm PR to , undergoes the refraction oR tv. 
Now N, part of. the angle meaſured, is to NR 22, the- 
eW refraction of the priſm RS, as rw to cw; and oc, the. 
other part of the angle meaſured, is to or , the refrac- 
don of the priſm pn, in the ſame ratio of xo to cw: there- 
7M fore oc, the. whole angle meaſured, is to on, the ſum 
nM of the refractions of the two priſms,. as rw to cm; 
that is, as the diſtance of the priſms from the focus 
of the object-glaſs to the focal diſtance of the object- 
glaſs. 

When the priſms are placed in the manner repre- 
ſented in fig. 3. the point e of the image we is illumi- 
nated only by the rays which fall on the object-glaſs be- 
tween A and.F, and the point 220 only by the rays. which 
fall on the object-glaſs between B and G. Now the. an- 
gles CRF, CRG, equal to the refractions of the priſms, 


being conſtant, the ſpaces Fc, co, will increaſe in propor- 
tion as the diſtances RF, RG, increaſe, and the ſpaces Ayr, 
GB, diminiſh as much; and therefore, the images at the 
point of mutual contact ea will be each illuminated by 
half the rays which fall on the object-glaſs when the 
priſms are placed cloſe to the object-glaſs; but will be 
enlightened leſs and leſs the nearer the priſms are 
brought to the focus of the object-glaſs. 


But. 
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But when the priſms are placed in the manner ſhewn 
in fig. 4. the images at the point of contact, as the priſms 
| are removed from the object-glaſs towards the eye-glafz 
| will be enlightened with more than half the rays that 
fall on the object-glats, and will be moſt enlightened 
| when the priſms are brought to the focus itſelf; for the 
point ze of the image 22e will be enlightened by all 
the rays EE that fall on the object-glaſs between B and y, 
| 


and the point 0 of the image we will be enlightened by 
all the rays ww which fall on the object-glaſs between 
and 6. But the difference of the illuminations is no 
very conſiderable in achromatic teleſcopes, on account of 
| the great aperture of the object-glaſs; as the greate 
ſpace o is to the focal diftance of the object-glaſs, as the 
| ſum of the ſines of the refractions of the priſms is to the 
radius. 

There is a third way, and perhaps the beſt, of placing 
the priſms, ſo as to touch one another along their fide 
which are at right angles to the common ſections of ther 
refracting planes. In this diſpoſition of the priſms, tht 
images will be equally enlightened, namely, each witt 
half the rays which fall on the object-glaſs, whereve 
the priſms be placed between the object-glaſs and eye 


glaſs. 


From © 
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From what has been ſhewn it appears, that this in- 
trument, which may be properly called the priſmatic 
micrometer, will meaſure any angle that does not exceed 
the ſum of the refractions of the priſms, excepting only 
very ſmall angles, which cannot be taken with it on ac- 
count of the vaniſhing of the pencils of rays at the junc- 
ture of the two priſms near the focus of the object-glaſs; 
that it will afford a very large ſcale, namely, the whole 
focal length of the object-glaſs for the greateſt angle 
meaſured by it; and that it will never be out of adjuſt- 
ment; as the point of the ſcale where the meaſurement 
begins (or the point of o) anſwers to the focus of the 
object-glaſs, which is a fixed point for celeſtial objects, 
and a point very eaſily found for terreſtrial objects. All 
that will be neceſſary to be done, in order to find the 
value of the ſcale of this micrometer, will be to meaſure 
accurately the diſtance of the priſms from the focus 
when the inſtrument is ſet to meaſure the apparent dia- 
meter of any object ſubtending a known angle at the 
centre of the object-glaſs, which may be eaſily found by 
experiment, as by meaſuring a baſe and the diameter of 
the object obſerved placed at the end of it, in the man- 
ner practiced with other micrometers : for the angle ſub- 
tended by this object will be to the angle ſubtended by a 
celeſtial object, or very remote land object, when the 

Vo. LXVII. 5 I diſtance 
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diſtance of the priſms from the principal focus is the 
ſame as it was found from the actual focus in the ter. 
reſtrial experiment, as the principal focal diftance of the 
object-glaſs is to the actual focal diſtance in the ſaid ex. 
periment. 

It will, I apprehend, be the beſt way in practice, in- 
ſtead of one priſm to uſe two priſms, refracting contrary 
ways, and fo divide the refraction between them (as re- 
preſented in fig. 3. and 4.). Achromatic priſms, each 
compoſed of two priſms of flint and crown-glaſs, placed 
with their refracting angles contrary ways, will un- 
doubtedly be neceffary for meaſuring angles with great 
preciſion by this inſtrument: and I can add with ple 
ſure, that I find by experiment made with this inſtru- 
ment, as it was executed by Mr. DOLLOND with achro- 
matic priſms, ground with great care for this trial above 


a twelve-month ago, that the images after refraction i 


through the priſms appear very diſtinct; and that obſer. 
vations of the apparent diameters of objects may Vt 
taken in the manner here propoſed. with eaſe and pre 
ciſion. 

Two or more fets of priſms may be adapted to tht 
ſame teleſcope, to be uſed each in their turn, for the mor 
coramodious meaſurement of different angles. Thus! 


may be very convenient to uſe one ſet of priſms for mes 
L ſurine 


J 
h 
0 
* 
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ſuring angles not exceeding 3O', and conſequently fit for 
meaſuring the diameters of the Sun and Moon, and the 


lucid parts and diſtances of the cuſps in their eclipſes; 
and another ſet of priſms to meaſure angles not much 
exceeding one minute, and conſequently fit for meaſur- 
ing the diameters of all the other planets. This latter 
ſet of priſms will be the more convenient for meaſuring 
ſmall angles, on account of a ſmall imperfection attend- 
ing the uſe of this micrometer, as before mentioned; 
namely, that angles cannot be meaſured with it when the 
priſms approach very near the focus of the object-glaſs, 
the pencils of rays being there loſt at the point where 
the priſms touch one another. | 

Upon the principles that have beer. here explained, a 
priſm placed within the teleſcope of an aſtronomical in- 
ſtrument, adjuſted by a plumb-hae or level, to receive all 


che rays that paſs through the object-glaſs, may conve- 


niently ſerve the purpoſe of a micrometer, and ſuperſede 
the uſe both of the vernier ſcale and the external micro- 
meter; and the inftrument may then be always ſet to 
ſome even diviſion before the obſervation. Thus the 
ule of a teleſcopic level may be extended to meaſure 


with great accuracy the horizontal refractions, the de- 
Preſſion of the horizon of the ſea, and ſmall altitudes 
and depreſſions of land objects. 


512 


Time and experience 
will 


| 


tions of Mr. AuBERT and Mr. DOLLOND Will ſufficient!) 
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will doubtleſs ſuggeſt many other uſeful applications oe m 
this inſtrument. 80 

A paper from the learned Abbe Boscovicn was read C 
before this Society the ninth of laſt June, deſcribing x 
ſimilar contrivance as an invention of the Abbe rocnox, 
in which the Abbe Boscovicn himſelf alſo claims ſome 
ſhare; I therefore defire to acquaint this Society, that! 
communicated this invention to Mr. DOLLOND, and had 
it executed by him; and alſo ſhewed the inſtrument itſelf 
ſo executed, to my eſteemed friend ALEXANDER AUBERT, 
eſq. fellow of this Society, a gentleman very well quali- 
fied to judge of things of this nature, above a twelve- 


month before the communication of the Abbe Bosco- 
VICH's paper, as will appear from their written atteſts 
tions, drawn up at my deſire, deſcribing the particulars 
of the communication of this invention which I made u me 
them ſo long ago. May I be permitted to remark, that JW 17 
this inſtrument having been executed by my directions ber, 
in ſeveral forms, by Mr. poLLoND, between the months 
of March and Auguſt, 1776, and ſet up and tried at hs 
houſe in the preſence of ſeveral of his workmen, coull 
not be conſidered as an abſolute ſecret concealed from the 
public. However, I doubt not that the following atteſta- 


prove my title to this invention of the priſmatic micro 
meter; 


6 
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meter; and I take this opportunity of exhibiting to the 
society the inſtrument itſelf, mentioned in Mr. Dol- 
LonD's letter as executed by himſelf according to my di- 
rections, and ſent to the Royal Obſervatory in the month 


of Auguſt 1776. 


Greenwich, 
December 11, 1777. 


TO THE REV. DR. MAS KELITNE. 


St. Paul's Church- yard 
REV. SIR, Nov. 22, 4. ; 


ACCORDING to your defire I ſend the following 
particulars of the experiments which were made by your 
directions, for compleating a new kind of micrometer for 
meaſuring ſmall angles. About the beginning of April 
1776, I received your firſt directions reſpecting this mat- 
ter, which were to make two priſmatic glaſſes or wedges 
of ſuch angles that rays of light, which paſſed through 
them, ſhould be refracted about 18“ of a degree: theſe 
were to be placed between the object-glaſs and eye-glaſs 
of an achromatic teleſcope about 30 inches long. The 
angular edges of the two priſmatic glaſſes were to be 
placed in contact with each other; they were to be 


moved in a parallel poſition from the object-glaſs to the 
focus 
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focus of the eye-glaſs, and to be of ſuch a fize as to cover 
the aperture of the object-glaſs when brought cloſe to ir 
By the refraction of theſe wedges two images were 
formed in the teleſcope, which were at the greateſt dif. 
tance (about 360) when the wedges were cloſe to the ob- 


ject-glaſs, and approached as they were moved toward; 


free from colours and diſtinct. 


deſired to have it done in a more compleat manner, in: 


its focus, where they united; ſo that the whole focal 
diſtance of the object-glaſs was to be the length of qe 
ſcale for meaſuring the angular diſtance of the two 
images formed in the teleſcope. When theſe wedges 
were applied, as above deſcribed, the two images were 
found to be coloured to a great degree, occaſioned by the 
refraction of the wedges. This defect you directed me 
to remove by making the priſmatic glaſſes or wedges 
achromatic, on the fame principles as the achromatic 
object- glaſſes; and, after ſome difficulties, this was el 
fected; the two images formed in the teleſcope appeared 
The above experiment: 
were made in a rough wooden tube, with an inconve- 
nient method of moving the wedges by hand: in this 
ftate it was when ſhewn to ALEXANDER AUBERT, el(. 
F. R. 8. towards the end of May, 1776; after which you 


braſs tube, with a means of turning the tube round to 
take angles in different directions, and a method 0! 


moving 
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© moving the wedges with a ſcrew. This was compleated 
it, about the middle of Auguſt in the ſame year, and then 
ſent to the Royal Obſervatory. I have the honour to be, 


REVEREND SIR, 


Your obedient humble ſervant, 
PETER DOLLOND. 


I HEREBY certify, that in the month of May, 
1776, the Rev. Mr. MASKELYNE, Aſtronomer-royal, 
produced to me, at Mr. DOLLOND's houſe in St. Paul's 
church-yard,. and in his preſence, as a new invention of. 
his own, an inſtrument for meaſuring ſmall angles, con- 
lifting of two achromatic priſms or wedges applied be- 
tween the object-glaſs and eye-glaſs of an achromatic 
teleſcope about 30 inches long, by moving of which 
wedges nearer to, or farther from, the object-glaſs, the 
two images of an object produced by them appeared to 
approach to, or recede from, each other, ſo that the focal 
length of the object- glaſs became a ſcale for meaſuring. 
the angular diſtance of the two images. 


London, ALEX®*, AUBERT.. 


PO. 27, 1777. 
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XXXVII. The Report of the Committee appointed by t: 
Royal Society to conſider of the beſt Method of adjuſtin; 
the fæed Points of Thermometers; and of the precay. 
tions neceſſary to be wſed in making Experiments with 
thoſe Infiruments. 


Read June 19, and Dec. 28, 1777. 


T is univerſally agreed by all thoſe who make and uf: 
I FAHRENHEIT's thermometers, that the freezing point 
or that point which the thermometer ſtands at when fur: 
rounded by ice or ſnow beginning to melt, is to be calle 
325; and that the heat of boiling water is to be calle 
212*:; but for want of further regulations concernuny 
the manner in which this laſt point is to be adjuſted, its 
placed not leſs than two or three degrees higher on ſom 
thermometers, even of thoſe made by our beſt artit 
than on others. The two principal cauſes of this di 
ference are, firſt, that it has never been ſettled at whi 


U 
f 


height of the barometer this point is to be adjuſted" 
| and 


fa) FAHRENHEIT found that the heat of boiling water differed accordit 


i the height of the barometer; but ſuppoſed the difference to be much * 


Tic 
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and ſecondly, that ſo much of the quickſilver in the 
thermometer as is contained in the tube, is more heated 
in the method uſed by ſome perſons, than in that uſed by 
others. To ſhew that this laſt circumſtance ought by no 
means to be diſregarded, ſuppoſe that the ball of a ther- 
Jnometer be dipped into boiling water as far as to the 
freezing point, and conſequently that the length of the 
column of quickſilver in that part of the tube which is 
not immerſed in the water be 180; and ſuppoſe that 
the heat of that part of the column of quickſilver be no 
more than 112%. If the thermometer be now intirely 
immerſed in the water, the heat of this column will be 
increaſed 10029; and conſequently its length will be in- 
creaſed by 5533; parts of the whole, as quickfilver ex- 
pands re part of its bulk by each degree of heat; and 


180 X 100 
11500 


ther more than 1* higher than it did before. 

Another thing to be conſidered in adjuſting the boil- 
ing point is, that if the ball be immerſed deep in the 
water, it will be ſurrounded by water which will be com- 


2 


conſequently the thermometer will ſtand or ra- 


than it really is. Mr. DE Luc has fince, by a great number of experiments 
d nade at very different heights above the level of the ſea, found a rule by which 
4 the difference in the boiling point, anſwering to different heights of the baro- 
meter, is determined with great exactneſs. According to this rule the altera- 


dn tion of the boiling point by the variation of the barometer from 295 to 30] 
greats aches is 15. 59 of FAHRENHEIT, 
wh VOL, LXVII. 5 K preſſed 
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818 
preſſed by more than the weight of the atmoſphere, and 
on that account will be rather hotter than it ought to be. 

We are of opinion, that the quickſilver in the tube 
ought, if poſſible, to be kept of the ſame heat as that in 
the ball, and that the ball ought not to be immerſed deep 
in the water. Theſe two requiſites may be obtained by 
uſing a veſſel covered ſo as to allow no more paſſage than 
what is ſufficient for carrying off the ſteam; for then, if 
the thermometer be incloſed in this veſſel in ſuch man- 
ner that the boiling point ſhall riſe but a little way abox 
the cover, almoſt all the quickfilver in the tube will be 
ſurrounded by the ſteam of the boiling water, and con- 
ſequently will be nearly of the ſame heat as the water 
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itſelf: we therefore made ſome experiments to deter- 
mine how regular the boiling point would be when tried 
in ſuch veſſels, both when the ball was immerſed in the 
water, and when it was expoſed only to the ſteam as re- 
commended by Mr. CAVENDISH 

The veſſel uſed in theſe experiments is repreſented in 
fig. 1. AB is the pot containing the boiling water; 
Dd is the cover; x is a chimney for carrying off the 
ſteam; Mn is the thermometer faſtened to a braſs frame; 
this thermometer is paſſed through a hole sf in the co- 


ver, and reſts thereon by a circular braſs plate d faſtenel 


(5) Phil, Tranſ. vol, LXVI. p. 380. 


t0 
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to its frame, a piece of woollen cloth being placed be- 
tween og and the cover, the better to prevent the eſcape 
of the vapours. | 

There were two pots of this kind uſed by us; one five 
inches in diameter and nine deep; the other, 47 in dia- 
meter and 23 deep. Two of the thermometers princi- 
pally uſed were the ſhort ones, the braſs plate (og) being 
placed only 34 inches above the top of the ball, and the 
boiling point rifing not much above that plate: the third 
thermometer was much longer, the plate (Gg) being 17 
inches above the ball. They were all three quick; the 
firſt containing only 2+ degrees to an inch; the ſecond 
5 and the third 10% The firſt had a cylinder inſtead 
of a ball 1 inch long and + in diameter”; the two 
others had ſpherical balls, about + of an inch in dia- 
meter. 


On trying theſe thermometers in the above mentioned 
veſſels, with the water riſing two or three inches above 
the top of the ball, we found ſome variations in the 
height according to the different manner of making the 
experiment, but not very conſiderable; tor the moſt part 
there was very little difference whether the water boiled 


() In the two ſhort thermometers the quickfilver would have deſcended into 
the ball when cold, had not the tube bcen ſwelled a little, cloſe to the ball, in 
order to prevent it. 


5 K 2 faſt 
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faſt or very gently; and what difference there was, waz 
not always the ſame way, as the thermometer ſometimes 
ſtood higher when the water boiled faſt, and ſometimes 
lower. The difference, however, ſeldom amounted to 
more than -;th of a degree, unleſs a conſiderable part 
of the ſides of the pot were expoſed to the fire; but in 
ſome trials which we made with the ſhort thermometers 
in the ſhort pot, with near four inches of the ſide of the 
veſſel expoſed to the fire“, they conſtantly ſtood lower 
when the water boiled faſt than when flow, and the 
height was in general greater than when only the bot- 
tom of the pot was expoſed to the fire. This difference 
however was not perceived in the trials of the long 
thermometer in the deep pot, as there ſeemed very little 
difference in the height whether the water boiled faſt or 
ſlow, or whether more or leſs of the ſide of the pot was 
expoſed to the fire. The greateſt difference obſerved in 
the ſame thermometer, on the ſame day and in the ſame 
water, according to the different manner of trying the 
experiment, was half a degree. 


(d) In all our experiments, the water was boiled over a portable black - lead 
furnace, covered with an iron plate, which had a hole cut in it juſt big enough 
to receive the bottom of the pot; ſo that, by paſſing the bottom through this 
hole to a greater or leſs depth, we could expoſe more or leſs of the ſides to the 
fire, In the other experiments, not more than one inch of the fides was ev! 
expoſed to the fire, | 


We 
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We made ſome trials with the long thermometer in 
the deep pot, to determine how much the height of the 
boiling point was affected by a greater or leſs depth of 
water above the ball. By a mean of the experiments it 
ſtood „66 of a degree higher when the water roſe 1 5 
inches above the ball, than when it was only three inches 
above the ball; ſo that increaſing the depth of water 
above the ball by x x inches, raiſed the thermometer, 66 
of a degree, that is, o6 for each inch. 

We would by no means infer howevef from hence, 
that it is a conſtant rule, that the height of the boiling 
point is increaſed ,06 of a degree by the addition of each 
inch in the depth of the water above the ball; as per- 


haps the proportion would be found very different in 
greater depths of water or in wider veſſels. 

If this rule is conſtant, it would ſhew that, when the 
preſſure on that part of the water which ſurrounds the 
all is increaſed by increaſing the depth of water above 
he ball, the height of the boiling point is not altered 
hereby more than half as much as by an equal increaſe 
f preflure produced by an alteration in the weight of 
he atmoſphere: for the preſſure on that part of the wa- 
er which ſurrounds the ball is as much increaſed by an 
teration of 1 1 inches in the n of the water above 
e ball, as by an increaſe of =, of an inch in the height 
of 


this 
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of the barometer; and ſuch an alteration in the height I 
of the barometer is ſufficient to raiſe the boiling point 
2733. 

It ſeems as if the height of the boiling point was in 
ſome meaſure increaſed by having a great depth of wa. 
ter below the ball, as in general the ſhort thermometer, 
ſtood higher when tried in the deep pot than 1n the ſhor 
one; this effect, however, did not always take place, In 
the former of theſe caſes, the depth of water below the 
ball was about 18 inches, in the other only 4; but the 
depth of water above the ball was the ſame in both 


caſes. 

It muſt be obſerved, that when there was a gret 
depth of water in the veflel, either above or below the 
ball, the experiments were much more irregular, and the 
quick {1lver in the tube remained much leſs ſteady than 
when it was ſmall. When the depth of water in the 
veſſel is great, it is apt to boil in guſts, which ſeems tt 
be the cauſe of this irregularity ; though we could no 
perceive any regular connection between theſe guſts and 
the riſing of the thermometer. 

In the experiments made with the water not riſing i 
high as the ball, ſo that the thermometer was expoſe 
only to the ſteam, we very ſeldom found any ſenſib! 
difference whether the water boiled faſt or flow: bug; 

whene'i 
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whenever there was any, the greater height was when 
the water boiled faſt; the difference, however, never 


i 


mounted to more than th of a degree. 
There was ſcarce ever any ſenſible difference whether 
the ſhort thermometers were tried in the ſhort pot or the 
deep one, though in the former caſe the ball was raiſed 
very little above the ſurface of the water, and in the lat- 
ter not leſs than 14 inches: neither did we find any ſen- 
fible difference in trying them in the tall pot, whether 
there was a greater or leſs depth of water in the veſſel. 
As it was nevertheleſs ſuſpected, that the heat of the 
ſteam might poſſibly be leſs near the top of the pot than 
lower down (for in theſe experiments the ball of the 
thermometer was always at the ſame depth below the 
cover, though its height above the ſurtace of the water 
was very different) we made two holes in the fide of a 
pot four inches deeper than the deepeſt of the foregoing, . 
one near the top of the pot, and the other not far from 
e bottom, and paſſed the ball of the thermometer 
hrough one or the other of theſe holes, taking care to 
top up both holes very carefully, ſo that no air could 
nter into the pot by them: no ſenſible difference could 
de perceived in the height, whether the thermometer 


vas placed in the upper or lower hole, though in one 
3 caſe: 
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caſe the ball was only three inches, and in the — 21 
inches, below the cover. 

The heat of the ſteam therefore appears to be ng 
ſenſibly different in different parts of the ſame pot; nei. 
ther does there appear to be any ſenſible difference in it 
heat, whether the water boil faſt or flow ; whether then 
be a greater or leſs depth of water in the pot; or whe 
ther there be a greater or leſs diſtance between the ur. 
face of the water and the top of the pot; ſo that th: 
height of a thermometer tried in ſteam, in veſſels pro 
perly cloſed, ſeems to be ſcarce ſenſibly affected by th 


different manner of trying the experiment. 

Though, as was before ſaid, there was ſcarce any dit 
ference in the height of the quickſilver, whether tl 
water boiled faſt or flow, yet, when the water boile 
flow, the thermometer was a great while before it roſet 
its proper height; and when it boiled very floy, ! 
ſeemed doubtful whether it would have ever riſen tol 
eſpecially if the ball was raiſed a great way above ti 
ſurface of the water: but when, by making the watt 
boil briſkly, the thermometer had once riſen to its prope 
height, the water might then be ſuffered to boil ve! 
gently, even for a great length of time, without the the 
mometer ſinking ſenſibly lower /. 


(e The reaſon of this ſeems to be that, while any air is left in the pob 
fic 


t, b 
fic 
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All three thermometers were found to ſtand, in gene- 
ral, from 30 to 65 hundredths of a degree higher when 
the ball was immerſed a little way in the water (neglect- 
ing thoſe obſervations in which much of the ſides of the 
pot were expoſed to the fire) —_ when it was tried in 
ſteam: at a medium they ſtood 255 s higher, which is equal 
to the difference produced by a variation of ths of an 
ich in the barometer; ſo that the boiling point, adjuſted 
at a given height of the barometer, with the ball im- 
merſed a little way in the water, will in general agree 
with that adjuſted in ſteam, when the barometer is ths 


ef an inch higher. 

It muſt be obſerved, that in all theſe experiments a 
piece of flat tin plate was laid looſely on the mouth of 
the chimney E, ſo as to leave no more paſſage for the 
ſteam than what was ſuſhcient to prevent the tin plate 
from being lifted up. In trying the thermometers in 
ſteam, this is by no means unneceſſary; for, if the cover 
of the pot does not fit pretty cloſe, the thermometers will 
immediately ſink ſeveral degrees on removing the tin 
plate; but, when their balls are immerſed in the water, 


the removal of the tin plate has no ſenſible effect. 


Pieam cannot acquire its full degree of heat; and that when the water boils very 
3 gently, the air is not eaſily intirely expelled from the pot. That the ſteam will 
Mot acquire its full degree of heat while any air is left in the pot will appear 


From the next paragraph but one. 
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If this cover to the chimney had been heavy, the in. 
cluded ſtearn might have been ſo much compreſſed 
thereby, that the water and ſteam might have acquired a 
conſiderably greater heat than they ought to have done; 
but as this plate lay looſe on the chimney, and as its 
weight was not greater than that of a column of quick- 
filver, whoſe baſe is equal to that of the mouth of the 
chimney, and whoſe altitude is th of an inch, the excci; 
of the compreſſion of the included ſteam above that which 
it would ſuffer in an open veſſel, could not be greater 
than that which would be cauſed by an increaſe of th 
of an inch in the height of the barometer, which is too 
ſmall to be worth taking notice of; for, it the excels of 
compreſſion was greater than that, the tin plate muſt 
neceſſarily be lifted up fo much as to afford a ſufficient 
paſſage for the ſteam to eſcape faſt enough, though 
urged by no greater force than that, 

Though in the different trials of the ſame thermo- 
meter in ſteam, on the ſame day, and with the ſame 
water, ſo little difference was obſerved, according to the 
different manner of trying the experiment; yet there 
was a very ſenſible difference between the trials made on 
different days, even when reduced to the ſame height ol 
the barometer, though the obſervations were always 


made either with rain or diſtilled water. The difference, 


2 howevel, 


— 


327 
however, never amounted to more than a quarter of a 
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degree, except in one thermometer, in which there were 
three obſervations out of eighteen which differed more 
than that; one of them differed ſo much as 0.65* from 
ſome of the reſt. In the obſervations made with the ball 
immerſed a little way in the water, there was a greater dif- 
ference between the obſervations of different days, even 
neglecting thoſe in which much of the ſides of the pot 
were expoſed to the fire. In two of the thermometers 
the different obſervations differed about #5; of a degree 
from each other; but in the other thermometer they 
varied =ths. 

We do not at all know what this difference could be 
owing to, eſpecially in the obſervations in ſteam. It 
could not proceed intirely from ſome unknown dit- 
terence in the water; for, if it did, the difference between 
the different thermometers ſhould have been always the 
fame, which was not the caſe, though in general, on 
thoſe days in which one thermometer ſtood high, the 
others did alſo, eſpecially in the trials in ſteam. More- 
over, as far as can be perceived from our experiments, 
there ſeems to be very little difference between different 
Waters with reſpect to the heat which they acquire in boil- 
ing. We could not be ſure that there was any difference be- 


tween rain or diſtilled water and pump water, provided 
8 12 | the 
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the latter had boiled long: neither did any difference ſeem 
to ariſe from the water containing ſuch ſubſtances as are 
diſpoſed to part readily with their phlogiſton; for, on 
trying the thermometers in the ſteam of diſtilled water; 
their height was not ſenſibly altered by pouring in 2 
fmall quantity of a ſolution of liver of ſulphur, or of 
iron filings imperfectly ruſted. The thermometer, how. 
ever, ſeemed to ſtand ſenſibly lower in pump water be- 
ginning to boil, than in the ſame water long boiled, but 
the difference fcarcely exceeded th or th of a degree. 
We made ſome experiments to determine the heat of 
water boiling in open veſſels. In general; when the 
veſſel was almoſt full, and the water boiled faſt, and the 
ball of the thermometer was held from three-quarters to 
two or three inches under water, and alſo in that part 
of the veſſel where the current of water aſcended up- 
wards, that is, in the hotteſt part of the water, its heat 
was not much different from that of the ſteam of water 
boiling in cloſed veſſels, varying only from a quarter of 4 
degree more than that, to as much leſs; but if the water 
boiled gently, its heat would frequently be half or three- 


quarters of a degree cooler than the fteam. If the ex- 


periment was tried in the deep pot with ſuch a quantity 
of water in it that the ſurface was at leaſt 14 or I 5 inches 
below the top of the pot, ſo that though the veſſel was 

Open; 
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open, yet the water was not much expoſed to the air, its 
keat then ſeemed ſcarcely leſs than when boiled in cloſed 


veſſels. 


In making theſe experiments we chiefly made uſe of 
the two ſhort thermometers, in which, as the quantity of 


quick ſilver contained in the tube was ſmall, the error 
ariſing from that part of the quickſilver being not heated 
equally with that in the ball, could be but ſmall: for 
example, in. the ſecond of the ſhort thermometers, the 
number of degrees contained in that part of the tube 
between the circular plate 6g and the ball was 187. In 
the experiments in ſteam this part of the tube was heated 
to the fame degree as the ball. Suppoſe now, that in 
open vefels it was heated only to 122*, or was go? 


cooler than the ball, it is plain, that the thermometer 


18 x 90 


T3. OC th of a degree lower than it 


would ſtand only 


did in ſteam, provided the heat of the quickfilver in the 
ball was the ſame in both caſes. In the other ſhort ther- 
mometer, as there were only half as many degrees to an 
inch, the error was only half as great. 

In ſeveral of the experiments, however, we made uſe 
of the long thermometer; but then it was necefiary to 
wake an allowance on account of the quickſilver in the 


tube being not heated equally with that in the ball. The 
better: 
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better to enable us to do this, we made uſe of a thermo. 
meter tube, filled with quickſilver in the ſame manner 
as a thermometer, only without any ball to it, or a ther. 
mometer wi.hout a ball, as we may call it. A ſmall braf 
plate was fixed to the tube near the top of the column 
of quickſilver, to ſhew the heat as in a common ther- 
mometer. In all our experiments with the long ther- 
mometer in open veſſels, this tube without a ball, waz 
placed by its ſide; whence, as the quickſilver in the tube 
of the long thermometer could hardly fail of being 
nearly of the ſame heat as that in the tube without a 
ball, we knew pretty nearly the heat of the quickſilver 
in the tube of the former, and conſequently how much 
higher it would have ſtood if the quickfilver in its tube 
had been of the ſame heat as that in the ball. For exam- 
ple, on October 19, the long thermometer tried in an 
open veſſel, the water boiling faſt, ſtood 19.6 5 lower than 
it did when tried in ſteam the ſame day, the quickſilver 


in the tube without a ball ſtanding at the ſame time at 
ro: we may therefore conclude, that the heat of the 


VET 


pre 

quickſilver, in that part of the tube of the long thermo- ¶ apr 

meter which was not immerſed in the water, was allo tha 

109; and conſequently, as that part of the tube con- fro, 
. | 170 X 103 

tained about 170% the thermometer ſtood 5 5 hav 

1 Out 


J® 
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1.52 lower than it would have done if the quickſilver 
in the tube had been of the ſame heat as that in the ball; 
and, conſequently, the quickſilver in the ball of the ther- 
mometer was in reality .07 cooler than when tried in 
ſteam. - 

We examined the boiling points of ſeveral thermo- 
meters, made by different artiſts, by trying them in ſteam 
when the barometer was at 30. 1, and finding what di- 
viſion on the ſcale the quickſilver ſtood at. The differ- 
ence of the extremes was 3*;; but, by a mean of all, it 
was found to ſtand at 213*.1, and conſequently would 
have ſtood at 2125, if the barometer had been at 29.4; 
ſo that if the boiling point was to be adjuſted, either in 
ſeam, when+the barometer is at 29.4, or with the ball 
immerſed two or three inches in water, when the baro- 
meter is at 29.1, it would agree beſt with the mean of 
the abovementioned thermometers. But as it ſeems to be 
of no great ſignification to make the - boiling point agree 
very nearly with the mean of the thermometers made at 
preſent, when the extremes differ ſo widely; and as we 
apprehend that it will be more convenient to the makers - 
that ſome height ſhould be choſen which differs leſs - 
from the mean, as thereby they will more frequently 
have an opportunity of adjuſting the boiling point with- 
out the trouble and danger of miſtakes which attend the 

making 
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making a correction, we recommend, that the boiling 
point ſhould be adjuſted when the barometer is at 29.8, 
i the perſon chules to do it in ſteam; or when the bar. 


meter is at 295, if he chooſes to do it in cloſe veſſels, 
with the ball immerſed to a ſmall depth under the water, 
Our reaſon for pitchin g upon this preciſe height is, that 
thereby the boiling point will differ from Mr. dt Luc's 
boiling point, by a ſimple fraction of the degrees of his 
common ſcale, namely three-quarters of a degree higher, 
Wee are informed by Mr. DE Luc, that the method he 
uſed in adjuſting the boiling point, though he forgot to 
mention it in the Recherches ſur les Modifications de Þ At- 
mioſpbere, was to wrap rags round the tube of the ther- 
mometer, and to try it with the ball immerſed in water 
m an open veſſel, of the form deſcribed in the above- 
mentioned book, while boiling water was poured at dit- 
ferent times on the rags, in order that the quickſilver in 
the tube might be heated, if poſſible, to the ſame degree 
as that in the ball. As well as we can judge from the 
abovementioned experiments in open veſſels, and from 
the few trials we have made of this method, we are in- 
clined to think, that the boiling point adjuſted. this wa) 
will in general differ but little from that adjuſted in ſteam 
at the ſame height- of the barometer, eſpecially if the 
tuermometer be not very long, and do not extend a great 

| way 


Sehe 


or aafufiins 
yay below the freezing point; conſequently, as Mr. 
278 LUC's boiling point was adjuſted when the barometer 
was at 27 Paris or 28.75 Engliſh inches, it will ſtand 
lower than that adjuſted in the manner recommended by 
us, by three-quarters of a degree of his ſcale; or 809: 
on DE Luc's thermometer, will anſwer to 2.12% on FAH-" 
RENHEIT'S adjuſted in the manner propoſed. | 

Though the boiling point be placed ſo much higher 
on ſome of the thermometers now made than on others, 
yet we would not have the reader think that this can 
make any conſiderable error in the obſervations of the 
weather, at leaſt in this climate; for an error of 15 in 
the poſition of the boiling point will make an error of 
only half a degree in the poſition of 92*, and of not 
more than a quarter of a degree in the point of 629. It 
is only in nice experiments, or in trying the heat of hot 
liquors, that this error in the boiling point can be of 


much ſignification. 


In order to ſee how much the quickſilver in the tube of the thermometer 
would be heated in this method of adjuſting the boiling point, we took the 
abovementioned tube without a ball, wrapped it round with rags, and poured 
boiling water on it as above deſcribed: the heat of the quickfilver therein was 
found to be about 21“ leſs than that of boiling water; and, therefore, the boiling 
point of a thermometer, adjuſted in this manner, ſuppoſing the thermometer to 
be dipped into the water as far as to the point of 327, ſhould ſtand about one- 
trd of a degree lower than it would do if the quickfilyer in the tube was heated 


equally with that in the ball. 


VoL. LXVII. 5 M There 


DO? JE Comme 
There is another circumſtance that we haye not' yet 
taken notice of, which, in ſtrictneſs, cauſes ſome error 
in thermometers, namely, the difference of expanſion of 
the glaſs tube and the ſcale. But this error is in almoſt 
all caſes ſo ſmall as to be not worth regarding; we have, 
however, in the note below given a rule for computing 


the value of it /. 


— 


RR 


(z) The uſual way of adjuſting thermometers is, to mark the boiling and 
freezing points on the glaſs tube, and not to ſet oft thoſe points on the ſcale till 
ſome time after, when the tube and ſcale may both be ſuppoſed to be nearly of 
the temper of the air in the room; conſequently, when the thermometer is 
expoſed to a greater heat than that, the ſcale, if of braſs, will expand more 
than the glaſs tube, and the diviſions on it will be longer than they ought to be; 
but, if the ſcale be of wood, it will expand leſs than the glaſs tube, and the 
diviſrons will be too ſhort. Let now the heat of the air, when the diviſions 
were ſet off on the ſcale, be called A; let the degree of heat which the ther- 
mometer ſtands at in the experiment be called v; and let the degree anſwering 
to that point of the ſcale in which the thermometer is faſtened to the ſcale be 
called F, Then, if all parts of the thermometer and ſcale are heated equally, 
and the ſcale is of braſs, the thermometer will appear to ſtand lower than it 


—— - partof a degr ce, obſerving, that if D—F x D=4 


is negative, it will ſtand higher than it ought to do; but if the ſeale is of wood, 


it will ſtand higher than it ought to do by the — 8505 — part of a degree. 


If the thermometer be faſtened to the ſcale by the ball, or any part of the tube 
lower than the obſerved heat, the error will be the ſame, whether that part ef 
the tube and ſcale, which is above the obſerved degree, be of the ſame heat as 
the ball or not : but if the thermometer is faftened to the ſcale by the top of the 
tube, as is frequently done, then the error will vaniſh whenever that part of 
the tube and ſcale, which is above the obſerved degree, is not much heated. 
This rule is founded on Mr. sMEAaToN's experiments, who found, that white 
glaſs expands rösth of an inch in a foot by 180% of heat; that braſs wire 
expands 13857; and that wood expands ſcarce ſenſibly. | 


r 


ought to do by the 


In 
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In making experiments with thermometers, it evi- 
dently is equally neceſſary that the quickſilver in the 
tube ſhould be of the ſame heat as that in the ball, as it 
is in adjuſting the boiling point: for this reaſon, in trying 
the heat of liquors much hotter or colder than the air, 
the thermometer ought, if poſſible, to be immerſed as 
far as to the top of the column of quickſilver in the tube. 
As this, however, would often be very difficult to exe- 
cute, the obſerver will frequently be obliged to content 
himſelf with immerſing it to a much leſs depth. But 
then as the quickſilver, in a great part of the tube, will 
be of a different heat from that in the ball, it will be ne- 
ceſſary, where any degree of accuracy is required, to 


make a correction, on that account, to the heat ſhewn by 
the thermometer. If the heat of the quickſilver in the 
tube be known, the correction may readily be made by 
help of the annexed table; the only difficulty lies in eſti- 
mating what that heat may be. In all probability the 
heat of the quickſilver in the tube will not be very dif- 
ferent from that of the air which ſurrounds it“; but as 

that 


( This muſt evidently be the caſe, unleſs the quickfilver in the tube is 
conſiderably heated by its contact with that in the ball. To ſee whether this 
was the caſe, ſome ſand was heated in a ſmall copper diſh over a lamp to the 
neat of about 212%, and the abovementioned tube, without a ball, laid hori- 
zontal with the end extending about half an inch over the ſand; but, to prevent 
ts being heated thereby, a piece of wood, about a quarter of an inch thick, 

s M 2 was 
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towards this purpoſe, as the tubes will be very differently heated, according to 
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that air will be affected by the ſteam of the liquor, and! 
the fire by which it is heated, it will commonly be of a1 
very different heat from the reſt of the air of the room 

in which the experiment 1s made; but as no great nicety 


is required in eſtimating the heat of the quickſilver in : 
the tube, inſomuch that a miſtake of 25* therein will Ml © 
cauſe an error of only half a degree in the correction, A 
when the number of degrees in that part of the tube MW 4 
which is not immerſed in the liquor is not more than : 
220% it will commonly be not difficult to gueſs at * 
the heat of the quickfilver in the tube as near as 1s re- 5 
quired”, But if the obſerver is deſirous of more accu- e 


Tacy, 


was laid between the ſand and it. After it had remained a ſufficient time in A 
this fituation, the diviſion which the quickfilver ſtood at was obſerved. The ge 
piece of wood was then removed, and the end of the tube laid in the ſand, du 
which was heaped over it ſo that about half an inch of the column of quick- the 
ſilver was intirely ſurrounded by the hot ſand, and muſt therefore be heated w w 
nearly the ſame degree as it. The quickfilver in the tube roſe very little higher the 
than before, and ſeemingly not more than might be owing to the expanſion of oh 
the half inch of quickfilver which was ſurrounded by the ſand; ſo that it ſhouki do 
ſeem, that heating one end of the column of quickfilver does not communicate 
much heat to the reſt of the column; and conſequently, that, when the ball of tot 

a thermometer is immerſed in hot liquor, the quickſilver in the tube will not bt qua 
much hotter than the ſurrounding air. ſep; 

(i) The better to enable the reader to gueſs at the heat of the ashes in lea: 
the tube, in caſes of this kind, we tried how much the quickfilver in the above- in f 


mentioned tube, without a ball, would be heated when held over a veſſel of 
boiling water. It is true, that theſe experiments cannot be of any great ſervice 


the 
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racy, he may find the heat of the ſurrounding air by 


holding the ball of a ſmall thermometer near the tube 
, of 


the degree of heat of the fluid, and the quantity of ſteam which it furniſhes, 
and according to the nature of the fire by which it is heated; yet as the 
experiments may perhaps ſerve in ſome meaſure to rectify our ideas on this head, 
we will give the reſult, When the abovementioned tube without a ball *, the 
length of the colamn of quickfilver in which was 15 inches, was held perpen- 
dicularly over the veſſel of boiling water, with its bottom even witk the ſurface 
of the water, the heat of the quickfilver was in all the trials we made from 68 
to 28˙ hotter than the air of the room. If the tube was held inclined to the 
horizon, in an angle of about 3o*, with the bottom of the column of quick- 
filver reaching not more than three quarters of an inch within the circumference 
of the pot, ſo that the column of quickſilver was as little heated by the fteam as 
could eaſily be done, it was from 30 to 7* hotter than the air. When a ſhorter 
tube of the ſame kind, in which the column of quickfilver was ſeven inches, 
was uſed, the quickfilver was from 62 to 44* hotter than the air, when held 
perpendicularly, and from 49 to 36" hotter when held inclined, The water in 
theſe trials frequently boiled pretty faſt, but never very violently, It was in 
general heated over a portable black lead furnace placed in the middle of the room; 
but it was once heated over an ordinary chafing-diſh, when the quickfilver in 
the long tube, held perpendicularly, was found to be 64 hotter than the air, 
When the experiments were tried without doors, the heat of the quickfilver in 
the tube would vary very much, according as the wind blew the ſteam and hot 
air from or towards the tube, but it ſometimes roſe as high as it did within 
doors, 

The moſt convenient method we know of making theſe tubes without a ball is, 
tofill a thermometer in the uſual manner, and heat the ball till there is a proper 
quantity of quickfilver in the tube, and then to make the column of quickfilver 
ſeparate at the neck of the ball, and run to the extremity of the tube, ſo as to 
leave a vacuum between the ball and the column of quickfilver, as is expreſſed 
in fig. 2. where the ſhaded part AD repreſents the column of quickfilver, and 
% that part in which there is a vacuum. The tube muſt then be ſealed ſome- 
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where 
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of the thermometer with which he tries the heat of the 
liquor; or, what will be much better, he may have : 
tube without a ball, ſuch as is above deſcribed, faſtened to 
the frame of the thermometer, on one fide of the tube; 
or if he has two ſuch tubes, of different lengths, it will 
be ſtill more accurate. | Ty 
Io avoid the inconvenience of this correction, per- 
haps it may be thought, that both in adjuſting the boiling 
point and in trying the heat of liquors, it would be better 
that not much more than the ball of the thermometer 
ſhould be immerſed, and that the tube ſhould be held in- 
clined in ſuch manner as to be heated as little as poflible; 
as it may be ſaid, that by this means you will find the heat 
of liquors pretty nearly, without the trouble of making 
any correction; and that, though in ſtrictneſs a correction 
would be required in obſerving the heat of the air with 


where between B and A as at E, and cut off there; after which it muſt be held 
with the end D upwards, ſo as to make the column of quickfilver run to the 
extremity E: by this method of filling it is plain, that no ſenſible quantity d 
air can be left between E and the column of quickfilverz but yet the quickſihe 
will be apt not to run ſufficiently cloſe to the extremity E, as the weight of tit 
column will be ſcarcely ſufficient to force it into the narrow ſpace which will 
commonly be left in ſealing the tube, eſpecially when held nearly horizontal: 
for this reaſon it will be proper to open the tube at Þ, ſo as to let in the al 
and then ſeal it again. It muſt be obſeryed, that the ſpace left between D and 
the column of quickfilyer ought not to be leſs than the tenth part of the lengi 
of the column of quickſilver, as otherwiſe the included air might be too mu 
compreſſed by the expanſion of the quickſilver when much heated, 


ſuch 
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ſuch thermometers, yet the heat of the atmoſphere never 
differs ſo much from the mean heat, as to make that cor- 
rection of much conſequence'®, But, on the other hand, 
this method of making and uſing thermometers is much 
leſs exact than the former, and therefore is unfit for nice 
experiments; and, beſides, a correction would be as ne- 
ceſſary with this kind of thermometer in trying the heat 
of air, artificially heated, or in finding the heat of large 
quantities of hot liquors, in which it would be difficult 
to prevent the quickſilver in the tube from being heated 


i) The degrees on all thermometers are intended to anſwer to equal por- 
tions of the ſolid contents of the tube; and, conſequently, if the quickfilver in 
the tube 1s kept conſtantly of the ſame heat as that in the ball, the degrees will 
anſwer to equal increments of bulk of the whole quantity of quickfilyer in the 
thermometer, that is of a given weight of quickfilver, But if only the quick- 
filver in the ball is heated, and that in the tube is kept always of the ſame heat, 
the degrees will anſwer to equal increments of a given bulk of quickfilver ; fo 
that the ſcale of the thermometers will be really different in theſe two methods 
of proceeding, and in high degrees the difference will be very conſiderable: for 
example, let two thermometers be made, and in the firſt of them let care be 
taken, both in adjuſting the fixed points and in trying the heat of liquors, that 


the quickfilver in the tube ſhall be of the ſame heat as that in the ball; and in 
aduſting the fixed points of the ſecond, and in trying the heat of liquors with 


it, let care be taken that the quickfilver in the tube ſhall remain always of the 
fame invariable heat, and let the freezing and boiling points be marked 32 and 
212 on both of them: then will the degree of 620 on the firſt anſwer to that of 
boo on the ſecond; that of 406 to 400; that of 302 to 300; and that of 
119.7 to 120; that is, a liquor which appears to be of 620? of heat by the firſt 
will appear to be of 600 by the ſecond, &c. It appears from hence, that it would 
be -mproper to employ the latter method of adjuſting and uſing thermometers 
for ordinary purpoſes, and the former for nice experiments, 
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by the ſteam, as it is in finding the heat of liquors with 
the other thermometer, whenever the ball is not im- 
merſed to a ſufficient depth; ſo that, on the whole, the 
former method of making and uſing thermometers 
ſeems much the beſt, 
A much better way of avoiding the trouble of making 
a correction would be to have two ſets of diviſions made 
to ſuch thermometers as are intended for trying the heat 
of liquors; one of which ſhould be uſed when the tube 
is immerſed almoſt to the top of the column of quick- 
ſilver; and the other, when not much more than the ball 
is immerſed, in which laſt caſe the obſerver ſhould be 
careful that the tube ſhould be as little heated by the 
ſteam of the liquor as conveniently can be. It is difficult 
to give rules for conſtructing this ſecond ſet of diviſions, 
as the heat of the quickfilver in the tube will be very 
difterent according to the temper of the air in the room, 
the quantity and nature of the fluid whoſe heat 1s to be 
tried, the manner in which it is heated, and the other 
circumſtances of the experiment; but, on the whole, we 
think that, given 1n the following table, would be as pro- 


Per as any. 


T Degree 
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0 * 8 


— nr mmm Es — — — — —— — 
Degree anſwering to that point of the tube which is two inches above the ball. | 
| +75 | +50 | +25] © | —50 | —109] —200 | —300 4 | —500 

ag ann 
400 | —.00 | —396.5| © 
—300 | —297.4| —294.8] © 

—250 | | its —246.7| —244.6] © 
—2O00 } j | — 2000. — 198.3 166.5 — 194.8 9 
—150 : | | —149.3 — 148, — 146.7 — 145.44 © 
—100 | —100] — 98.9 — 97.7 — 96.6 — 95.5] 30 
— 50 | 1 —49-7 | — 49. — 48.3] — 47.6 — 46.9 30 
© © | +0.2| +03] + 0.6] + 0.9] + 1.2] + 1.5] 35 
+150 | 149-5] 149-4| 149+ | 148.7] 148.4 | 147-3 75 
+ 200 198.8 198.5 198.3] 198.197.5197. 85 
+250 | 247.5| 247.1] 246.8 246.4 245.7 85 
+ 300 295.8 295-3] 294-9| 294.4 293-4 | | 3s 
+350 | 343-7 | 343-1 | 342-5 | 342+ | | | %s 
+ 400 | 391.1| 390-4 | 389.7 | 389.1 85 
+450 438.1 437.3 436.5 435-7 85 
484.7 483.8] 482.9 482. 85 

$76.5| 828-4L 824-31 573-2 2 . N 
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rizontal line the degree of the thermometer anſwering to 
that point of the tube which is two inches above the 
ball; and in the left-hand column ſeek the degrees of 
the ſecond ſet of diviſions; the correſponding numbers 
in the table are the correſponding degrees of the firſt ſet, 
or the degrees which they muſt be ſet oppoſite to. The 
right-hand perpendicular column ſhews the heat which 
the quickſilver in the tube was ſuppoſed to be of in 
forming this table. 

Though this ſecond ſet of diviſions be far from accu- 
rate, yet it is at leaſt as much ſo as a thermometer ad- 
juſted in the latter method can be; ſo that this double ſet 
of diviſions poſſeſſes all the advantages which can be ex- 
pected from that method of adjuſting thermometers, 
without the inconveniences. 


' To make uſe of this table, ſeck in the uppermoſt ho- 
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A table for correcting the obſerved height of a thermo- 
meter, whenever the quickſilver in the tube is not of 
the ſame heat as that in the ball. 


Degrees not immerſed in the liquors. 


— — 2 — 


50 op 150] 200 250 300| 350] 400] 450] 50of 550 650] 7000 75 


25 
13| 15 [1720 22 | 24 26 28 | 31 | 33 
14 | 17 | 19 | 22 | 24 | 26 | 29 [ 31 | 34 | 36 


— 


To make uſe of this table, in the left-hand perpen- 
dicular column look for the number of degrees con- 

tained in that part of the tube which is not immerſed in 
the fluid whoſe heat is to be tried, and in the upper ho- 
rizontal line ſeek the ſuppoſed difference of heat of the 
quickſilver in that part of the tube from that in the ball; 
the correſponding number in the table is the correction, 
which muſt be added to the obſerved heat when the 
5 N 2 quick - 
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quickſilver in the tube is cooler than that in the ball, and 
- ſubtracted when it is warmer: for example, let the ob- 
ferved heat of the fluid be 47 5?, let the thermometer be 
immerſed in the fluid as far as to the degree of 25%, or 
to that part of the tube which ſhould be marked 25* if 
the diviſions were continued long enough; then is the 
number of degrees in that part of the tube which is not 
immerſed in the fluid 4.50; and let the heat of the quick- 
filver in that part of the tube be ſuppoſed Too?; and 
conſequently, the difference of heat of the quickſilver in 
that part of the tube from that in the ball 375; then in 
the left-hand perpendicular column ſeek the number 
450, and in the upper horizontal line the number 375; 
the correſponding number in the table, or the correction, 
is 155 and therefore the true heat of the fluid is 490“. 
This correction may be had very eaſily without the 
help of the table, only by multiplying the number of 
degrees not immerſed in the fluid by the ſuppoſed dif- 
ference of heat, dividing the product by 10000, and 
diminiſhing the quotient by one-eighth part of the 
whole. 


In the following pages we have thrown together the 
practical rules, which we would recommend to be ob- 
ferved in adjuſting the fixed points of thermometers. 

4 Rules 
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Rules tu be obſerved in adjujiing the boiling point. 


The moſt accurate way of adjufting the boiling point 
is, not to dip the thermometer into the water, but to ex- 
poſe it only to the ſteam, in a veſſel cloſed up in the 
manner repreſented in fig. 4. where AB is the veffel 
containing the boiling water, Dd the cover, x a chimney 
made in the cover intended to carry off the fteam, and 
um the thermometer paſſed through a hole in the cover. 
Thoſe who would make uſe of this method muſt take 
care to attend to the following particulars. 

1ſt, The boling point muſt be adjuſted when the ba- 
rometer is at 29.8 inches; unleſs the operator is willing 
to correct the obſerved point in the manner directed 
below. 

2dly, The ball of the thermometer muſt be placed at 
ſuch a depth within the pot, that the boiling point hall 
riſe very little above the cover; for otherwiſe part of the 
quick filver in the tube will not be heated, and therefore 
the thermometer will not riſe to its proper height. The 
ſurface of the water in the pot alſo ſhould be at leaſt one 
or two inches below the bottom. of the ball; as otherwiſe 
the water, when boiling faſt, might be apt to touch the 
vall: but it does not ſignify how much lower than that 
the ſurface of the water may be. 


3dly, 
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3dly, Care muſt be taken to ſtop up the hole in the 
cover through which the tube is inſerted, and to make 
the cover fit pretty cloſe, ſo that no air ſhall enter into 


the pot that way, and that not much ſteam may eſcape. 
A piece of thin flat tin plate muſt alſo be laid on the 
mouth of the chimney, ſo as to leave no more paſſage 
than what is ſufficient to carry off the fteam. The ſize 
of this plate ſhould be not much more than ſufficient to 


. e wy *» wp 


le 


cover the chimney, that its weight may not be too great; 
| and the mouth of the chimney ſhould be made flat, that 
the plate may cover it more completely. It muſt be ob- 
ſerved, that when the tin plate is laid on the mouth of 
the chimney, it will commonly be lifted up by the force 
of the ſteam, and will rattle till it has ſlipped aſide ſuffi- 
ciently to let the ſteam eſcape without lifting it up. ln 
this caſe it is not neceſſary to put the plate back again, 
unleſs by accident it has flipped aſide more than uſual. 
If the artiſt pleaſes, he may tie each corner of this plate 
by a ſtring to prongs fixed to the chimney, and ſtanding 
on a level with the plate, as thereby it will neceſſarily be 
kept always in its place'”; but we would by no means 
recommend having it made with a hinge, as that miglt 


— 


"4 
1 - „ 
- A. 
pL ** 
— — — — — —ẽ — ꝑ—— —— Gͤꝝᷣ— — 


Y Fig. 3. is a perſpective view of the chimney and tin plate; ABCD is the 
plate; E the chimney; ry, og, Mm, and vn, the prongs faſtened to the chiw- 
ney, to which the four corners of the plate are to be tied by the ſtrings AF, BCy 
cM, and DN; the ends F, G, u, and x, of the prongs muſt be on a level wit 

the plate, and the ſtrings ſhould not be ſtretched tight. 
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be apt to make it ſtick, in which caſe the included va- 
pour might be ſo much compreſſed as to cauſe an error. 
We would alſo by no- means adviſe lining the tin plate 

with leather, or any other ſoft ſubſtance, for the ſake of 
making it ſhut cloſer, as that alſo might be apt to make 

it ſtick. The chimney alſo ought not to be made leſs. 
than half a ſquare inch in area: for though a ſmaller 

chimney would be ſufficient to carry off the ſteam, un- 
leſs the veſſel is much larger than what we uſed; yet the 

adheſion which is apt to take place between it and the 

tin plate when wet, naight perhaps bear too great a pro- 
portion to the power which the included ſteam has to lift 

it off, if it was made much leſs. It is convenient that 

the chimney be not leſs than two or three inches. 
long, as thereby the obſerver will be leſs incommoded. 
by the ſteam; but it would be improper to make it much 

longer, for the longer the chimney is, the greater diſpo- 

ſition has the air to enter into. the pot between it and the 

cover, 


It is moſt convenient not to make the cover fit on 
tight, but to take on and off eaſily; and to wrap ſome 
ſpun cotton round that part of the cover which enters 
into the pot, in order to make it ſhut cloſer; or, what 
leems to anſwer rather better, a ring of woollen cloth 
may be placed under the cover, ſo as tolie between the top. 
or 
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of the pot and it. Theſe methods of making the cover 


ſhut cloſe can be uſed more conveniently when the cover 
is made to enter within the pot, as in the figure, than 


when it goes on on the outſide. 

There are various eaſy ways by which the hole in the 
cover, through which the tube of the thermometer 18 
paſſed, may be ſtopped up, and by which the thermome- 
ter may be ſuſpended at the proper height. The hole in 
the cover may be ſtopped up by a cork, which muſt firſt 
have a hole bored through it, big enough to receive the 
tube, and be then cut into two, parallel to the length of the 
hole. Another method, more convenient in uſe, but not 
ſo eafily made, is repreſented in fig. 6. which exhibits a 


perſpective view of the apparatus; A a is the cover; H the 
hole through which the thermometer is paſſed; B 5 a flat 
piece of braſs fixed upon the cover; and DdEe a ſliding 
piece of braſs, made ſo as either to cover the hole , or 


to leave it uncovered as in the figure, and to be tightened 
in either poſition by the ſcrew s ſliding in the flit mm; 
a ſemi-circular notch being made in the edge s 5, and alto 
in the edge Dd, to incloſe the tube of the thermometer: 
pieces of woollen cloth ſhould alſo be faſtened to the 
edges Bb and D, and alſo to the bottom of the ſliding 
piece pd Ee, unleſs that piece and the cover are made ſut- 


ficiently flat, to prevent the eſcape of the ſteam. I! 
order 
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order to keep the thermometer ſuſpended at the proper 
height, a clip may be uſed like that repreſented in fig. 7. 
which by the ſcrew s muſt be made to embrace the tube 
tightly, and may reſt on the cover. That part of the 
dip which 1s intended to bear againſt the tube, had bett 
be lined with woollen cloth, which will make it ſtick 
tighter to the tube, and with leſs danger of breaking it. 
Another method, which is rather more convenient, when 
the top of the tube of the thermometer is bent into a 
right angle, in the manner frequently practiſed at preſent 
for the ſake of more conveniently fixing it to the ſcale, is 
repreſented in the ſame figure; Gg F is a plate of braſs, 
ſtanding perpendicularly on the cover, and L/N A a piece 
of braſs, bent at bottom into the form of a loop, with a 
notch in it, ſo as to receive the tube of the thermometer, 
and to ſuffer the bent part to reſt on the bottom of the 
loop; this piece muſt ſlide in a flit K, cut in the plate 
LIN u, and be tightened at any height by the ſcrew r. 

athly, It is beſt making the water boil pretty briſkly, as 
otherwiſe the thermometer is apt to be a great while be- 
fore it acquires its full heat, eſpecially if the veſſel is very 
deep. The obſerver too ſhould wait at leaſt one or two 
minutes after the thermometer appears to be ſtationary, 
before he concludes that it has acquired its full height. 

Vo L. LXVII. 50 5thly, 
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Sthly, Though, as was ſaid before, this appears to be 
the moſt accurate way of adjuſting the boiling point; yet, 
if the operator was to ſuffer the air to have any acceſs t 
the inſide of the veſſel, he would be liable to a very great 
error: for this reaſon we ſtrongly recommend it to all thoſs 
who uſe this method, not to deviate at all from the rule 
laid down without affuring themſelves, by repeated trial 
with a pretty ſenſible thermometer, that ſuch alteration 
may be uſed with ſafety. But the covering the chimney 
with the tin plate ought by no means to be omitted; for 
though, if the cover of the pot fits cloſe, it ſeldom ſigni- 
fies whether the plate is laid on or not, yet, if by acci 
dent the cover was not to fit cloſe, the omitting the tin 
plate would make a very great error. Making the chim- 


ney very narrow would not anſwer the end properly; 

for, if it was made ſo ſmall as to make the veſſel ſuffic- 

ently cloſe when the water boiled gently, it would not 

leave ſufficient paſſage for the eſcape of the ſteam when 
the water boiled faſt. | | 

| Another way of adjuſting the boiling point is, to tr) 

it in a veſſel of the ſame kind as the former, only witl 


the water riſing a little way, namely from one to thre 
or four inches above the ball, taking care that the bolt 
ing point ſhall riſe very little above the cover, as in the 


tormer method. In this method there is no need to cove! 
the 
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the chimney with the tin plate; and there is leſs need to 
make the cover fit cloſe, only it muſt be obſerved, that 
the cloſer the cover fits, the leſs the operator will be in- 
commoded by the fteam. The height of the barometer 
at which the boiling point ſhould be adjuſted, when this 
method is uſed, is 29+ inches, or three-tenths of an inch 
leſs than when the former method is uſed. 

It will be convenient to have two or three pots of dit- 
ferent depths; for if a ſhort thermometer is to be ad- 
juſted in the ſame pot which is uſed for a long one, it 
will require a great depth of water, which, beſides taking 
up more time before it boils, makes the obſervation 
rather leſs accurate, as the heat ſeems to be leſs regular 
when the depth of water in the pot is very great, than 
when it is leſs. 

Perhaps fome perſons, for the ſake of heating the 
water more expeditiouſly, may be inclined to uſe an ap- 
paratus of ſuch kind that the fire ſhall be applied to a 
confiderable part of the ſides of the pot as well as to the 
bottom; we would, however, caution them againſt any 
thing of that kind, as the obſervations are conſiderably 
leſs regular than when little more than the bottom of 
the pot is heated. If the pot is heated over a chafing-diſh 
er common fire, we apprehend that there can ſeldom 


be any danger of too much of the ſides being heated; 
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but if the operator ſhould be apprehenſive that there 
is, it is eaſily prevented by faſtening an iron ring an 
inch or two broad round the pot near the bottom. This 
precaution is equally neceſſary when the thermometer is 
adjuſted in ſteam, eſpecially when there is not much 
water 1n the pot. 

The greateſt inconvenience of this method of adjuſt 
ing the boiling point is the trouble of keeping a proper 
depth of water in the pot, as to do this it is neceſſary firſt 
to find the height of the boihng point coarſely by try- 
ing it in an open veſſel, and then to put ſuch a quantity 
of water into the pot that it ſhall riſe from one to three 
or four inches above the ball, when the thermometer is 
placed at ſuch a depth within the pot that the boiling 
point ſhall riſe very little above the cover. The operator 
muſt be very careful that the quantity of water in the 
pot be not ſo ſmall as not intirely to cover the ball. 

A third way of adjuſting the boiling point is, to wrap 


ſeveral folds of linen rags or flannel round the tube of 
the thermometer, and to try it in an open veſſel, taking 
care to pour boiling water on the rags, in order to keep 
the quickſilver in the tube as nearly of the heat of boiling 
water as poſſible. The beſt way is to pour boiling water 
on the rags three or four times, waiting a few ſeconds be- 


' tween each time, and to wait ſome ſeconds after the lat 
* ; 
2 | time 


— — — 
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time of pouring on water before the boiling point is | 
marked, in order that the water may recover its full 
ſtrength of boiling, which is in good meaſure checked 
by pouring on the boiling water. 11 

In this method the boiling point ſhould be adjuſted 1 
when the barometer is at 29.8 inches, that is, the ſame 
as when the firſt method is uſed; the water ſhould boil 
faſt, and the thermometer ſhould be held upright, with 
its ball two or three inches under water, and in that part | 
of the veſſel where the current of water aſcends”. 
Whichever of theſe methods of adjuſting the boiling 
point is uſed, it is not neceflary to wait till the barometer 
is at the proper height, provided the operator will take 
care to correct the obſerved height according to the fol-- 
lowing table. 


(n) In a veſſel of boiling water one may almoſt always perceive the current. 
of water to aſcend on one fide of the veſſel, and to deſcend on the other. 
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To make uſe of this table, ſeek the height which the 
barometer is found to ſtand at in the left-hand column, 
if the boiling point is adjuſted either in the firſt or third 
method, and in the ſecond column if it is adjuſted in the 


ſecond method; the correſponding number in the third 


column ſhews how much the point of 21 2* muſt be placed 
above or below the obſerved point, expreſſed in thou- 
ſandth parts of the interval between the boiling and 
freezing point: for example, ſuppoſe the boiling point 


15 
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is adjuſted in ſteam when the barometer is at 29 inches, 


and that the interval between the boiling and freezing 
points is 1 1 inches; the neareſt number to 29 in the 
left-hand column is 29.0 3, and the correſponding num- 
ber in the table is 7 higher, and therefore the mark of 
212 muſt be placed higher than the obſerved point by 


_ of the interval between 4 and freezin 85 that 1s, 


x7 
1 = 1000 


This method of correcting the boilin g point is not 
ſtrictly juſt, unleſs the tube is of an equal bore in all its 
parts; but the tube is very ſeldom ſo much unequal as to 


or 077 of an inch. 


cauſe any ſenſible error, where the whole correction 
is ſo fmall. The trouble of making the correction will 
be abridged by making a gon, ſcale ſuch as is repre- 
lented in fig. 5. 

It is not very material what kind of water is ule for 
adjuſting the boiling point, ſo that it is not at all ſalt; 
only, if any kind of hard water is uſed, it is better that it 
ſhould be kept boiling for at leaſt ten minutes before it 
is uſed. But we would adviſe all thoſe defirous of ad- 
juſting thermometers in the moſt accurate manner for 


nice experiments, to employ rain or diſtilled water, and 
to perform the operation in the firſt mentioned manner, 
that is, in ſteam. 


Oz: 
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On the freezing point. 


75" adjuſting the freezing as well as the boiling point, 
the quickſilver in the tube ought to be kept of the ſame 
heat as that in the ball. In the generality of thermome- 
ters, indeed, the diſtance of the freezing point from the 
hall is ſo ſmall, that the greateſt error which can ariſe 
from neglecting this precaution is not very confiderable, 
unleſs the weather is warmer than uſual; but as the 
freezing point 1s frequently placed at a conſiderable diſ- 
tance from the ball, the operator ſhould always be care- 
ful either to pile the pounded ice to ſuch a height above 
the ball, that the error, which can ariſe from the quick- 
ſilver in the remaining part of the tube not being heated 
equally with that in the ball, ſhall be very ſmall; or he 
muſt correct the obſerved point, upon that account, ac- 
cording to the following table : 


| [Heat of the air. | Correction. 
[a0 .o0087 
2 52 00174 
62 00261 
72 00 348 
. 82 0 843 5 . 
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for adiuſting Thermometers. © 857 
The firſt column of this table is the heat of the air, 
and the ſecond is the correction expreſſed in 1000th 
parts of the diſtance between the freezing point and the 
ſurface of the ice: for example, if the freezing point 
ſtands ſeven inches above the ſurface of the ice, and the 
heat of the room is 62, the point of 325 ſhould be placed 
*. 00 261, or. 18 of an inch lower than the obſerved 
point. This correction alſo would be made more eaſy by 
the help of a diagonal ſcale, ſimilar to that propoſed for 


the boiling point. 


On the precautions necęſſary to be obſerved in mating ob- 
ſervations with thermometers. 

In trying the heat of liquors care ſhould be taken 
that the quickſilver in the tube of the thermometer 
be heated to the ſame degree as that in the ball; or, if 
this cannot be done conveniently, the obſerved heat 
ſhould be corrected on that account: but for this we 


refer to the former part, p. 835: 
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Feb. 6. The Archbiſhop of Canterbury. A lift of various Editions of the Bible, 8 
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24. Hugh Brown, 
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May 8. John Howard Eſq. F. R. S. 
15. Rev. Mr. Tooke, 


Captain Cook, F. R. S. 


29. Board of Longitude. | 
Mr. J. Chandler, F. R. 8. 


June 12. Royal Academy of Sciences at 


Paris. 


Thomas Aſtle, Eſq. F. R. 8. 


19. Berlin Academy. 
Mr. Bernoulli. 
Le Baron Hupſch. 


Mr. Cavallo. 


Preſents. 
Experiments and obſervations on different 
kinds of Air, tom. III. g0 
dix Mathematical Tracts, | g3 
Botanical Prints, N* XV. | fol. 


True principles of Gunnery explained, 40 
Meteorological Diary kept at Vork Fort, 
Hudſon's Bay, fol. 
State of the priſons in England and Wales, ,* 
Pieces on Sculpture, and on the Statues of 


Peter the Great, 4? 
An Account of a Voyage round the World 
in 1772, 3 & 4. 2 vol. 4 
Nautical Almanack for 1780, go 
Meteorological Diary, fol, 
Connoiſſance des Temps, pour l'année 
1778, 89 

A Catalogue of the MSS, in the Cottonian 
Library,. 89 
Nouveaux Memoires. Annee 1774, 4 
Nouvelles Literaires de divers pays, 8? 


Relation de la decouverte d'un remede 
efficace contre la maladie contagieu!e 


des betes a cornes, 6 copies, go 
A Treatiſe on Electricity, 'Y 
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SIXTY-SEVENTH VOLUME 


OF THE 
PHILOSOPHICAL TRANSACTIONS, 


A, 


A* SCESS, an account of a hard ſubſtance extracted from one, in a woman's groin, 
p. 461—463. The ſubſtance cauſed by a peg of wood which ſhe had ſwallowed 
ſixteen years before, p. 462, =. 

Actbar, the emperor, ſaid to have built an obſervatory at Benares, p. 604. An account 
of it, p. 598—607. 

Adriatic, an account of its tides, p. 145 —16r. 

Ather, degree of cold produced by its evaporation under the receiver of an air-pump 
whilſt exhauſting, p. 646—648. 

Africa, an account of a journey into Africa from the Cape of Good-Hope, and a de- 
ſcription of a new ſpecies of cuckow, p. 38. Journey undertaken in Auguſt 1775, 
ibid. Seaſon ſo exceeding dry that the inhabitants quitted their country-ſeats, p. 39. 
Cattle periſhed for want of graſs and water, ibid. Vegetables of all kinds burnt up, 
ibid. Animals met with and hunted on the journey, p. 39, 40. See Sparrman, Cuckow, 

Air, in what manner it may be affected by rain, p. 244. An active ſolvent of water, 
in proportion to its dryneſs, p. 245. 257. Water may exiſt in air in three ſtates, 
p. 257. Remarks on theſe different ſtates of water exiſting in air, p. 257 —2 59. 
Concerning air in mines, p. 412. A comparative view of the temperature of the air 

at Liverpool during the years 1772, 1773, 1774, and 1775, p. 247—250, Relative 


weight ofair and water, p. 560, Expanſions of common air do not keep pace with the 
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dilatations of quickſilver, p. 695. Elaflic force of moiit air ſuperior to that of dry, 
p. 705. 712-714. Concerning the elaſtick force of air, p. 748, 749. 753» 784. An 
experiment to determine hydroſtatically the ſpecific gravities of air and quickſilver, 


with a given temperature and preſſure, and remarks thereon, p. 557 —5 7. Expe- 


riments on the expanſion of air in the manometer, p. 689 - 696. Thermometrical 
ſpaces compared with thoſe of the manometer, p. 697. Experiments for determining 
the actual expanſion of common air in the manometer affected by the heat of 2122, 
p- 698—715, 

Lir-pump, an account of ſome experiments macs with one, on Mr. Smeaton's-principle; 

together with ſome experiments with a common air-pump, p. 614. Deſcription of 
Mr. Smeaton's pear-gage, p. 614—616. Air in the pump expanded 4000 times, 
p- 617. Enquiry from whence this' great(ſuperiority of expanſion could pro. 
ceed, p. 617. Diſagreement between the pear-gage and the other gages, p. 618, 
622. Diſagreemet accounted for, p. 622—644. Experiment in which the apparatus 
was made as free from moiſture as poſſible, p. 624. Near agreement between the 
pear-gage and the barometer, p. 62 5. To diſcover whether a vapour from moiſture 
might not be contained in the ſubſtances uſed, p. 625—027. Elaſtic vapours aroſe 
from the leather and box-wood uſed, and influenced the barometer-gages, p. 627. 
Pear-gage not affected by the vapour, ibid. Experiments on leather, allum, oil, and 
tallow, to find from which the vapour chiefly aroſe, p. 628. Aroſe principally from 
the leather, ibid, To determine that the moiſture in the leather gave the vapour, 
p. 629, 630. The effect of vapour ariſing from ſmall quantities of fluids, and from 
ſome ſubſtances, p. 630, 631. 
prevents the pump from exhauſting to any conſiderable degree, p. 632. Different 
degrees of heat affect exhauſtion, p. 633. Comparative excellency between the pump 
on Mr. Smeaton's principle, and a common one, p. 633, 634. The effect of water 
uſed in the barrels of pumps to make the piſtons move air tight 1 in them, p. 634, 
635. Remarks concerning Mr. Smeaton's pump not exhauſting to as great a de- 
gree as the pump here uſed, p. 635—637.. Further experiments made with the ſame 
air-pump, the reſult of which were different from the former, p. 637—646. Degree 
of cold produced by the evaporation of zther under a receiver whilſt exhauſting, 


646—648. 1 
Aab. An account of Mont Saleve, p. 5 51 6, #. 527. An account of the Mole, 
p. 533—539. Dayometrica) obſervations to aſcertain, the heights of the Alps, 
p. 513, Ke. 

Alte Segen, a mine in the Hartz, its height determined by barometrical obſervations, 
P- 421, 422. 441— 443. | 

Ajtitudes determined by the barometer, 515-532. 539—546. 549, 550. 552—554 
592—597. Rule for meaſuring ſuch heights, p. 683. 687. 734, 735. 757» 75% 


752, 703, n. The rule which anſwers in middle latitudes will not in the frigid and 
torrid 


Wet leather, uſed to connect the receiver and plate, 
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torrid zones, p. 742—7 56. Remarks on the error of the rule in the tables of com- 
putation, and a method of bringing the theory of the barometer to greater perfection, 
p. 759-770. Precepts and tables for making the calculations, p. 571—594. 


Computations of barometrical obſervations made on various heights, p. 773—787. 
Anemonies, See Sea anemonits. 


Angles. An account of a new inſtrument for meaſuring ſmall angles, called the priſmatic 
micrometer, p. 799. See Micrometer. 

Antelopes, an animal of that fort, frequently hunted in Africa, p. 40 

Apparatus. Deſcription of one for further illuſtrating the Franklinian theory of the 

Leyden bottle, p. 99, 100. A ſimple electrical apparatus, by which almoſt every 

article may be examined with the utmoit facility, p. 118. Obſervations and pre- 
cautions in the uſe of it, p. 119, 120. The electricity of various ſubſtances diſ- 
covered with it, p. 122—126. Remark on the rubbers uſed, p. 127—129. Appa- 
ratus for determining the annual evaporation in Liverpool, p. 245, 246. 

Ajples. Method of raifing pine-apples in water, p. 649—652. 


Arabic. A tranſlation of a paſſage in Ebn Younes ; with ſome remarks thereon, p.231. 


See Ebn Younes. 


Arcs. Computations of the lengths of circular ares by means of infinite ſerieſes, derived 
from their tangents, p. 194—199. Computations of an arch of thirty degrees, 
p. 199—203. Computation of an arch of forty-five degrees, p. 203—215. Com- 
putation of the ſeries which expreſſes the time of the deſcent of a pendulum through 
the arch of a circle, p. 215—230. 

Articles (mathematical) leading to a clear and ſatisfactory conſideration of the motion 
of the earth's axis, p. 267—288. How the joint centrifugal force of the particles of a 
ſpheroid or cylinder, having a rotatory motion about any momentary axis, is com- 
puted, p. 289—295. 

Alronomy, the ancient Bramins had a knowledge of it, p. 598. 601—606, 

Atmoſphere, obſervations on its electricity, p. 50. A quantity of electricity in the at- 
moſphere at all times, ibid. The electricity of the atmoſphere, and of fogs of the 
fame kind, ibid. Evaporation conſidered as a teſt of the moiſture or dryneſs of the 
atmoſphere, p. 244. See Evaporation. Atmoſphere of Peru conſtantly obſcured 
with vapours during part of the year, and the whole country involved in thick fogs, 
p. 257, 258, Depth of rain not a true index of the moiſture or dryneſs of the atmoſ- 
phere, p. 250—252. Why much rain gives no more moiſture to it than a little, 
p. 2561. Atmoſphere amazingly clear in the Eaſt Indies, p. 604. 

Atmo/pherical ele&rometer, deſcription and uſe of one, p. 48, 49. 

Aubert, (Alexander, Eſq;) his atteſtation concerning Dr. Maſkelyne's invention of the 
priſmatic micrometer, p. 815. 

Axis, the earth's, mathematical articles leading to a clear and ſatis factory conſideration 
of its motion, p. 267 288. How the joint centrifugal force of the particles of a 
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ſpheroid or cylinder, having a rotatory motion about any momentary axis, is com- 
puted, p. 289—295. 


Ba 


Barker (Sir Robert) his account of the Bramins? obſervatory at — p- 598. See 
Bramins Obſervatory. 

Barker (Thomas, Eſq;) an extract of his regiſter of the barometer, thermometer, and 
rain, at Lyndon, in Rutland, for the year 1776, p. 350. See Lyndon. 

Barometer. Experiments and obſervations made in Britain, in order to obtain a rule 
for meaſuring heights with a barometer, p. 653. Mr. De Luc the moſt ſucceſsful in 
meaſuring vertical heights with the barometer, p. 654, 655. Rule deduced from Br 
his obſervations on Saleve, p. 655, 656. Expanſion of quickſilver in the tubes of his Bi 
barometers reſulting from the Saleve obſervations, p.6566—658. Deſcription of the 
barometer with which Col. Roy's experiments were made, p. 658, 659. Experi- 
ments on the expanſion of quickſilver, p. 659—681. Rate of expanſion of a column 
of quickſilver in the tube of a barometer, p. 682. Conſtruction and application | 
of a table of equation for the expanſion of quickſilver in the tubes of barometer, 
p. 68 3—686. The equation to be applied to the obſerved height of quickiilver in 
the barometer, from 15 to 31 inches; and for differences of temperature extending | 
to 102® of Fahrenheit; whereby the column is reduced to the height it would Sex | 
ood at in the temperature of 32®, p. 687. Experiments on the expanſion of air in 
the manometer, p. 689—696. Thermometrical ſpaces compared with thoſe of the 
manometer, p. 607. Experiments for determining the actual expanſion of common 
air in the manometer affected by the heat of 212, p. 698—715. An account of | 
barometrical obſervations made in Britain, wherein they are compared with ſome | 
others of the ſame kind made in diſtant countries, p. 715—749. Principles on 
which the table of equation for the heat of air was conſtructed, p. 749—7 59. Re- 
marks on the error of the rule in the tables of computation, and a method of bringing 
the theory of the barometer to greater perfection, p. 7 59—770. The equation de- 
pending on the temperature of the column of air, and its elevation above the ſea, as 
denoted by the mean height of mercury in the inferior and ſuperior barometers, 2 
p. 771. Computations of barometrical obſervations made on heights in and near Be 
London, p. 773. Computations of thoſe made on heights near Taybridge in Perth- Be 
ſhire ; and of thoſe near Lanark, p. 775. Computations of thoſe made on heights 
near Linhouſe; and of thoſe near Carnarvon in North Wales, p. 779. Computations Be 
of part of Mr, De Luc's barometrical obſervations, anſwering to the coldeſt and 
hotteſt temperatures of the air, p. 711—784. Mr. De la Caille's barometrical obſer- Be 
vations at the Cape of Good-hope, p. 784. Computations of barometrical obſer- 
vations made on heights that have not been determined geometrically, p. 785. Ccur 
putations of Mr, Bouguer's obſervations in Peru, p. 787. 


4 Barometer: 


Barometer, ſtate of it at Lyndon, in Rutland, during the year 1776, p. 350. At Briſ- 


tol, p. 353. At London, for each month throughout the ſame year, p. 358—38 1. 


Greateſt, leaſt, and mean height, in each month, p. 382. Heights determined by 
barometrical obſervations. See Heights, Deſcription of a portable barometer, 
p. 658, 659. Effect of winds on the barometer, p. 75 1-753. Fixing the ſcale of 
barometers with ciſterns recommended, p. 405, 405. Obſervations made in Savoy, 
in order to aſcertain the height of mountains by means of the barometer ; being an 
examination of Mr. De Luc's rules, delivered in his Recherches ſur les Modifications de 
I Atmoſphere, p. 513. See Mountains. Rule for meaſuring heights with the baro- 
meter, p. 686, 637. 731, 735. 757, 758. 762, 763, =. The rule which anſwers 
in middle latitudes, will not in the frigid and torrid zones, p. 742—7 56. 

Barometer tubes dilate much more than ſolid glaſs rods, p 663, 66. 

Barametrical abJervations on the depth of the mines in the Hartz, p. 4or. Correſponding 
obſervations taken, p. 405, 428, 429. Obſervations in places where the height 1s 
aſcertained, p. 408—424. In the Dorothea, the Caroline, and the Benedict, in the 
_ environs of Clauſthal, p. 408—412. In the Kaunkuh), at the Ramelſburg near 


Gollar, p. 417 —419. At Alte Seegen, in the valley of Bremeke, p. 427, 422. 


Near Lasfelde, in the valley of Oſterode, ibid. The ſubterraneous geometer's method of 
finding the depths of mines, p. 423, 424- Obſervations determing the height of ſome 
points of the Hartz, not verified by geometrical ſurvey, p. 425—429. The height 
of the Brocken above Oder-brucke, p. 29. That of Oder-brucke above Clauſthal, 
Ibid. That of Clauſthal above Gottingen, ibid. And that of Gottingen above 
Hanover, ibid. Elevation of the Brocken above Hanover, ibid. Remark on theſe 
obſervations, p. 430. A detail and calculations of baromettiical obſervaticns made 
at the Hartz, in October 1776, p. 431—449. Obſervations on the mines of Clauſt- 
hal, p. 431—435- At the Ramelſberg, p. 436—440. Obſervations at two points 
veometrically determined on the outſide of the mountain, relatively to the mine of 
Alte Seegen, p. 441—443- Obſervations to determine the height of the Brocken, 
with reſpe& to Gottingen and Hanover, p. 444—449. Barometrical obſervations 
made in Savoy, to aſcertain the heights of mountains, p. 5 13, &c. Precepts and tables 
for making theſe barometrical calculations, p. 571—597. 

Baſtard, (William, Eſq;) on the culture of pine-apples, p. 649. See Pine-appler, 

Beaſts of prey, frequently ſeen in Africa, p. 39, 40. 

Beech-trees, The flouriſhing ſtate of one that had been frequently waihed and rubbed, 
compared to others of the ſame nature, p- 12—14. 

Bee-hives, wild, how men are conducted to them by the Hcney-Guide, a curious ſpe- 
cies of cuckow, p. 4345. See Cuckow. 

Bees, diſcoveries on the ſex of them, explaining the manner in which their ſpecies is 
propagated ; with an account of the utility that may be derived from thoſe diſcoveries 
by the actual application of them to practice, p. 15. Mode of propagating their 
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ſpecies yet undiſcovered, p. 15, 16. Never detected in the act ef copulation, p. 16, 18. 
Their fecundation is by an impregnation from the males, p- 17, 18. 20. Drones 
have ſome reſemblances to the male organs of generation, p. 18. The different ſexes 
that conſtitute the republic of bees, p. 19. Concerning the ſex of the working. 
bees, p. 19, 20. Drones diſcovered as ſmall as common bees, p. 21. 25. Drones 
well furniſhed with ſeminal liquor, and fecundating organs, p. 22. Naturaliſts who 
reject the uſe of drones in the propagation of bees had no knowledge of thoſe ſmal! 
ones, ibid. An experiment proving that the eggs of the queen-bee are fecundated 
by the males, p. 22, 23. How they are impregnated, ibid. Another experiment in 
proof thereof, p. 24, 25. Drones have no ſting, p. 25, 26. A third experiment, in 
which the ſwarm was entirely cleared of the males, and in which the eggs of the 
queen-bee produced nothing, p. 26. Bees all quit their hive on being diſappointed 
of their young, ibid. They attempt to enter the hive of another ſwarm, and the 
queen is ſlain in the engagement, p. 26, 27. The great deſire of perpetuating their 

| ſpecies probably induces them to go to the other hive in ſearch of males, p. 27. A 
fourth experiment, ſhewing that the male-bees muſt impregnate the eggs to produce 
young ones, p. 27, 28. Queen-bees produced from the common eggs, p. 28—40, 
The working-bees have the power of making a queen of any worm in the hive, 
p- 30, 31. The received opinion that the queen - bees are produced from a particu- 
lar kind of egg, erroneous, p. 31. What advantages may accrue to the public from 
theſe obſervations, p. 31, 32. 

Benares, an account of the Bramins obſervatory there, p. 598. See Bramins' Obſerva- 
tory. 

Benedi&, a mine in the Hartz; its depth determined by barometrical obſervations, 
p. 408—412. 435. 

Bengal, govornor of, grants a peace to the Boutaners, p. 468. Enters into a treaty of 
commerce with them, p. 469. Tranſlation of the letter he received from the Tay ſnoo 
Lama, p. 489—492. 

Biſon. The North American Biſon, the ſame as the great buffaloe in the Wilds of 
Africa, p. 40. 

Bodies, A new theory of the rotatory motion of bodies affected by forces ditturbing 
ſuch motion, p. 269—295, Singulur method of beſtowing dead-bodies among the 
Thibetians, p. 478. 

Bogle (Mr.) ſent to the court of Thibet, to negotiate a treaty of commerce with the 
Boutaners, p. 469. His deſcription of their country, &c. p. 469—472. And cha- 
racter of the Tayſhoo Lama, p. 479. 

Boiling point, experiments to determine it in thermometers, p. 818-833. Rules to be 
obſerved in adjuſting the boiling point of thermometers, p. 845—3$55. 

B:ſcovich, Abbe, his account of a new micrometer and megameter, p. 789—798. 
812—8 15. | 

Battli 
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Bottle, Leyden, Dr. Franklin's theory of it further illuſtrated, p. 100, &c. 

Bouguer, Mr. Computation of his barometrical obſcrvations in Peru, p. 787. 

Bou'an, che kingdom of Thibet ſo called, p. 466. An account of it, p. 465, &c, 

Buutaners, an account of their firſt meeting with the Europeans at the attack of Cooch 
Behar, p. 467, Their great ſurprize at each other, p. 467, 468, The ä 
conquered by the Europeans, ſue for peace, p. 468. 

Box-wwood, its effect in experiments with the air- pump, p. 626. 

Bramin Obſervatory, at Benares, an account of it, p. 598. Ancient Bramins had a 


knowledge of aſtronomy, 598. 604-606. A number of curious inſtruments in their 


obſervatory in the greateſt preſervation, p. 599. Said to have been erected tuo 
hundred years ago, ibid. The conſtruction and ſituation of theſe inſtruments, p. 599. 
601. Deſcription and uſe of them, p. 601-504. 607. This Obſervatory ſaid 
to have been built by the emperor Ackbar, p. 604. 

Nriſtol, an extract of a meteorological journal kept there for the year 1776, p. 383. 
See Meteorological Fournal. 


Britain. Experiments and obſervations made in Britain, in order to obtain a rule for 


meaſuring heights with the barometer, p. 653. See Barometer. 


Brocken in the Hartz, its height above Hanover determined by barometrical obſervations, . 


p. 429. 444—449- 


Brownrigg, Dr. his obſervation on the evaporation of ſome parts of England, p. 25 3. 


Not correſpondent with that at Liverpool, ibid. 
Buffaloes, great ones in the wilds of Africa, p. 40. The ſame as the North American 


Biſon, ibid. 
Buildings, Some account of the Thibetian buildings, p. 479. 


6K 
Cabbage bark tree of Jamaica, its deſcription and uſe, p. 507512. 


Cantons electrometer. Experiments with Mr. Hemming's electrical cylinder ſame days 
after uſing it, on the balls of Canton's electrometer, p. 109-113. New electrical 


experiments and obſervationsz with an improvement of Mr. Canton's electrometer, 
P. 383, See Electrical experiments. 


Cape of Good- Hope, an account of a journey from thence into Africa, and a deſcription of a 
new ſpecies of cuckow, p. 38. See African Cuckow. Mr. De la Caille's barometrical 


obſervations there, p. 784. 


Cards, painted with different water-colours, electrical experiments on them, p. 392— 


394 
Carib beet. Deſcription of the Jeſuits Bark tree of the Caribbees, p. 504—506. 


Carnarvon, Computations of barometrical obſervations made on heights near, 


P. 779. 


Caroline, a mine in the Hartz, its depth determined by barometrical obſei vations, 


p. 408—412. 434. 
Cas of the faſting woman in Roſsſhire, p. 1-11. 


Cat. 
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Cat. A coated phial may be charged with electrical ſparks from the back of 2 cat, 
ſtrong enough to pierce a hole through a card with its diſcharge, p. 396. A ſpecies 

of pole-cat (Viverra Putorius), found in Africa, p. 40. 

Cavallo, Mr. Tiberius, his account of ſome new electrical experiments, p. 48. See 
Elearical experiments, His experiments and obſervations on Mr. Volta's electrical 
machine, p. 116—118. His new electrical experiments and obſervations ; with aq 
improvement of Mr. Canton's electrometer, p. 388. See Electrical experiments. 

Cavendiſh, Mr. accounts for a diſagreement between the pear-gage and the other gage 
in an air-pump, p. 622—024. 

Chocolate, on its electricity; and the reſtoration of that property to it, when lol, by 
melting it together with a ſmall quantity of olive-oil, p. 91-97. 

Ci/teras. Fixing the ſcale of barometers with ciſterns, recommended, p. 405, 406. 

Clauſtbal, in the Hartz, depth of ſome mines there determined by barometrical obi:rya. 
tions, p. 498—412. 431—435. Its height above Gottingen determined by the 
barometer, p. 429. 444—449. 

Clock. A pendulum-rod of ſolid glaſs dilates much leſs than a ſteel one, p. 6982, 
699. 

Coated phial may be charged with electrical ſparks ſtrong enough to pierce a hole throvg) 
a card with its diſcharge, from a piece of new flannel, a hare's ſkin, or a piece of 
paper, p. 396. 

Colours. An account of perſons who could not diſtinguiſh colours, p. 260.—Hartis, 
who had otherwiſe a good fight, diſcovered a want of the idea of colours at four 
years of age, p. 261. Why he might not obſerve this defect earlier, ibid. Could 
not diſcern the difference of colour in cherries, p. 262. He could only gueſs the 
name of any colour, except diſtinguiſhing white from black, or black from any light 
or bright colour, p. 262, 263. He could diſtinguiſh a ſtriped ribbon from a plain 
one, but could not tell the colours, p. 262. Was very deſirous of underſtanding the 
nature of light and colours, p. 263. He had two brothers, who likewiſe had no idea 
of colours, ibid. Account of one of them, p. 263—205. 

Colours, Electrical Experiments on water-colours. p. 392—394. 
p. 394» 395» * 

Committee, The report of the committee appointed by the Royal Society to confider of 
the beſt method of adjuſting the fixed points of thermometers ; and of the precautions 
neceſſary to be uſed in making experiments with thoſe inſtruments, p. 816. See 
Thermometers. | 

Caoch Behar, Europeans and Boutaners firſt met at its attack, p. 467. Their great 
ſurprize at each other, p. 467, 468. Boutaners, conquercd by the Europeans, ſue 
for peace, p. 468. 

Copernicus, an account of a portrait of him, preſented to the Royal Society by Dr. Wolf, 

p. 33. Copied from an original in the poſſeſſion of Mr. Huſſarzewſki, p. 33, 34 


A portrait of him in the great church at Thorn, p. 34. Compared with Mr. Huſ⸗ 
arzev {ka 5, 


On oil-colours, 
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ſarzewſki's, p. 34, 35. The latter is at leaſt 150 years old, ibid. Hiſtory of this 
portrait, p. 36, 37. Great likeneſs between the copy and original, p. 37. 

Cypulation, bees never detected in that act, p. 16. 18. 

CMard, Rev. Mr. George, his tranſlation of a paſſage in Ebn Vounes; with ſome re- 
marks thereon, p. 231. See En Younes. 

Cv, the Thibetians hold it in great veneration, p. 478. 

Cow-tails, remarkable ones produced in the kingdom of Thibet, p.484. Their uſe, 


p. 484, 4385. Deſcription of the beaſt, p. 484. 
Creek Faterick, or Peter's Rock, a volcanic-hill near Inverneſs, an account of! it, 


p. 385 —387. 

Cruquius, his obſervation on the exhalation of water at De/t in Holland, p. 252. 

Cuckow, Honey-guide, or Cuculus Indicator, a curious ſpecies of cuckow in the interior parts 
of Africa, p. 43- Smaller than the European cuckow, ibid. Men and beaſts are 
conducted to wild bee-hives by this bird, ibid. Its motive and method of diſcovering 
the bee-hives to men, p. 43—45. Accuſed of ſometimes conducting its followers to 
wild beaſts and venomous ſerpents, p. 45. Deſcription of the Honey-guide's neſt, 
p- 45, 46. Deſcriptio cuculi indicatoris, p. 46, 47. 

Cuculus Indicator, or Honey -Guide, a curious ſpecies of cuckow in the interior parts of 
Africa, p. 43. See Cuckonw, 

linder. Experiments with Mr. Hemming's electrical cylinder, for ſome days after 
uſing it, on the balls of Canton's electrometer, p. 109—1 13. 

Cylinder or ſpheroid. How the joint centrifugal force of the particles of a ſpheroid or 
cylinder, having a rotatory motion about any momentary axis, is computed, p. 289 


295. 


D. 


Davenport, Ann, her remarkable caſe, p. 453. Miſerable ſtate of the patient, p. 459. 
460, An abſceſs in her groin opened, p. 460. A ſecond formed, and opened, ibid. 
Several holes in her belly cauſed by a mortificatien, p. 461. A third abſceſs formed, 
which was left to open of itſelf, ibid. A hard ſubſtance extracted therefrom, p. 462. 
An account of the extraction, p. 462, 463. The ſubſtance taken from her cauſed by 
a peg of wood which ſhe had ſwallowed fixteen years before, p. 462, . Patient in 
a fair way of recovery, p. 463. The miniſter's certificate of the truth of the caſe, 


p. 464. 
Day:. Number of fair and froſty days in Briſtol in the year 1776, p. 354. 
Dead bodies, a ſingular method of be ſtowing them among the Thibetians, p. 478. 
Debraw, Mr. John, his diſcoveries in the ſex of bees, explaining the manner in which 
their ſpecies is propagated ; with an account of the utility thit may be derived from 
thoſe diſcoveries by the actual application of them to practice, p. 15. See Bess. 
Deer. Muſk-deer common in the mountains of Thibet, p. 485, 486. 


De la Cailles, Mr. his barometrical obſervations at the Cape of Good Hope, p. 784. 
De lai 
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Dalai Lama, a deſcription of his country, p. 469—471. He is the great object of 
_adoration of the heathen Tartars, p. 474— 476. 

[Delft, in Holland, obſervation on the exhalation from waters there, p. 25 2. 

De Luc, Mr. John Andrew, his barometrical obſervations on the depths of the mines 
in the Hartz, p. 401. See Barometrical obJervations. On the expanhon of quick. 
ſilver in the tubes of barometers, p. 633, 684. Concerning his barometrical obſer. 
vations on Saleve, p. 715, 716—729, &c. Mr. De Luc the moſt ſucceſsful in 
meafuring vertical heights with the barometer, p. 654, 655. Rule deduced from 
his obſervations on Saleve, p. 655, 656. Expanhon of quickfilver in the tubes of 
his barometers reſulting from the Saleve obſervations, p. 666—658. Computations 
of part of his barometrical obſervations, anſwering to the coldeſt and hotteſt tem- 
peratures of the air, p. 78i—784. His method of adjuſting the boiling point of the 
thermometer, p. 832. An examination of the rules delivered in his Recherches ſur lu 
Modifications de I Atmoſphere, by obſervations made in Savoy, in order to aſcertain the 
height of mountains by means of the barometer, p. 513. See Mountains. 

Depths of mines, meaſured by the barometer, p. 491—409. The ſubterraneous geo- 
meter's method of finding theſe depths, p. 423, 424. Precepts and tables for calcu- 
lating any acceſſible heights or depths from barometrical obſervations, p. 57 1—591:. 

De Sauſſure, Mr. his barometrical obſervations to aſcertain the height of the Mole, 
P. 549, 550. 

Diameter. The ratio of the diameters of the earth, p. uy, 

Dicquemare, the Abbe, his third eſſay on ſea-anemonies, p. 56. See Sea-anemonies. 

Dob/on, Dr. his obſervations on the annual evaporation at Liverpool; and on evapo- 
ration conſidered as a teſt of the moiſture or dryneſs of the atmoſphere, p. 243. 
See Evaporation, 

Dollond, Mr. his letter concerning Dr. Maſkelyne's invention of the priſmatic micro» 
meter, p. 813—815. 

Dorothea, a mine in the Hartz, its depth determined by barometrical odſervativns, 
p. 498—412. 431—435- 

Drink, An account of a woman living without food or drink, p. 1. See Woman. 

Drones have ſome reſemblances to the male organs of generation, p. 18. Drones as 
ſmall as common bees, p. 21, 25. Drones well furniſhed with ſeminal liquor, and 
fecundating organs, p. 22, 25. They have a ſhare in the propagation of bees, p. 
22—28, Drones have no ſting, p. 25, 26, 


Drynęſi or moiſture of the atmoſphere; evaporation conſidered as a teſt of it, p. 244, 
Sce Evaporatian. 


E. 


Zarth. Annual evaporation from the earth, only a ſixth part of what it is from water, 
P- 253. The exhalation from the earth is about a fixth part of what deſcends in rain, 


p. 254. Some mathematical articles leading to a clear and ſatisfactory conſideration 
of 


| Ct WP 1] 

of the motion of the earth's axis, p. 267—288. How the joint centrifugal force of 

the particles of a ſpheroid or cylinder, having a rotatory motion about any momen- 
tary axis, is computed, p. 289—295. The ratio of the earth's diameters, p. 767. 

Beſt method of determining the figure of the earth, ibid. 

Faft Indies. The atmoſphere amazingly clear there, p. 604. 

Ebn Townes. Tranſlation of a paſſage in Ebn Younes; with ſome remarks thereon, 
p. 231. Numbers in the manuſcript ſuppoſed to be different from what they were 
in the original tables, ibid, A miſtake in the Arabic letters and figures eaſily made 
by a perſon ignorant of his ſubject, p. 232. An-inſtance of this ſort, ibid. Dif- 
ferences in the manuſcript obſervations, and the. calculations by modern tables ac- 
counted for, p. 232—240. A tranſlation of the Arabic paſſage entire, p. 240— 
243. 

Eclipſes of Jupiter's firſt ſatellites, obſerved during the laſt ten years, relatively to the 
difference of longitude at Paris and Greenwich reſulting therefrom ; with a com- 
parative table of the correſponding obſervations of the firit ſatellite, made in the 
principal obſervatories, p. 162—186. 

Edinburgh, computations of - barometrical obſervations made on heights near there, 
p. 777» 

El:&rical Experiments, an account of ſome new ones, p. 48. Deſcription and uſe of the 

atmoſpherical electrometer, p. 48, 49. Part of a journal of obſervations on the 
electricity of the atmoſphere, p. 50. A quantity of electricity is at all times in the 
atmoſphere, ibid. The electricity of the atmoſphere or fogs is always of the ſame 
kind, ibid. The ſtrongeſt electricity is in thick fogs ; the weakeſt in cloudy weather, 
ibid. Deſcription of the electrometer for the rain, p. 51, 52. Experiments made 
with a glaſs tube hermetically ſealed, and having ſome quickſilver incloſed in its 
cavity, p. 5$3—55. New electrical experiments and obſervations, with an improvement 
of Mr. Canton's electrometer, p. 388. The glaſs plate uſed in the following experiments 
coated with ſealing-wax, ibid, Experiments on Mr. Volta's plates, commonly called 
a machine for exhibiting perpetual electricity, p. 3389—392. Experiments on water- 
colours, p. 392—394- On oil colours, p. 394, 395- Promiſcuous experiments, 
p. 396, 397. On a piece of new white flannel, tied round the globe of an elec- 
trical machine, p. 397, 398. On a phial, the inſide coating of which was tuck 
with varniſh, p. 398, 399. Deſcription of a pocket electrometer, p. 399, 400. 

Elerical machine, experiments and obſervations on Mr. Volta's, p. 116—118, Ex- 
periments on his machine for exhibiting perpetual electricity, p. 389— 392. 

El:arical cylinder (Mr. Hemming's), experiments with it on the balls of Canton's elec- 
trometer, ſome days after uſing it, p. 109—11 3» 

El:aricity. Experiments and obſervations in Electricity, p. 85. Remarks on the 
effects of lamp- black and tar, or lamp- black and oil, as protectors of bodies from the 
ſtroke of lightning, p. 85-89. Similar effects produced by experiments in the artifi- 
Vol. LXVII. 5 R Clal 


1 


8 
j 
ir 
L 


1 
>< CS CET. es 
I Ci _ > 8 
of — . q ts hy - -- 


. 


874 J 


cial electricity, p. 80-9. Corollaries deduced from the above experiments and 


obſervations, p-. 91—94. On the electricity of chocolate, 9g4—96. The reſtoration 
of that property to it, when loſt, by melting it together with a ſmall quantity of 
olive-oil, p. 96, 97. Remarks on electricity, 97, 98. Obſervations on ſome new 
and ſingular phenomena in excited and charged glaſſes ; with experiments made in 
conſequence of theſe phenomena, farther illuſtrating the Franklinian theory of the 
Leyden bottle, p. 98—1 16. A deſcription of the apparatus conſtructed for that pur. 
poſe by Mr. Henly, p. 99, 100. Experiments and obſervations on Mr, Volta's 
machine, with remarks, p. 116—118, A fimple electrical apparatus, by which 
almoſt every article may be examined with the utmoſt facility, p. 118. Obſervations 
and precautions in the uſe of it, p. 119, 120. The electricity of various ſubſtances 
diſcovered with it, p. 122. Metals, ibid. Animal ſubſtances, p. 123. Vegetables, 
p- 124, 125. Corallines, p. 125, Salts, ibid. Foſſil and mineral ſubſtances, 
p- 125, 126. Artificial ſubſtances, p. 126. Remark on the rubbers uſed, p. 127— 
129. Thoughts on the action, influence, and effects of electricity, p. 129—144. 
Obſervations on the electricity of the atmoſphere, p. 50. A quantity of electricity in 
the atmoſphere at all times, ibid. The electricity of the atmoſphere and fogs ot 
the ſame kind, ibid. Strongeſt electricity is in thick fogs; the weakeſt in cloudy 
weather, ibid. Electricity may be obtained by rubbing ſmooth glaſs with a rabbit's 
Kin, p. 397- 

Electrometer, an atmoſpherical one, its deſcription and uſe, p. 48, 49. Deſcription ot 
one for. the rain, p. 51, 52. Deſcription of a pocket one, p. 399, 400. Mr. Hem- 
ming's experiments with his electrical cylinder, ſome days after uſing it, on the balls 
of Canton's electremeter, p. 109—113. 

Emelman, Mr. his journey into Africa from the Cape of Good Hope, p. 38. See 
Africa. 

England, the evaporation of ſome parts of it, p. 253. Not correſpondent with that at 
Liverpool, ibid, 


Ewaperation. Obſervations on the annual evaporation at Liverpool ; and on evaperation 


conſidered as a teſt of the moiſture or dryneſs of the atmoſphere, p. 244. Quantity 
of rain failing not ſo good a teſt of the ſtate of the atmoſphere as evaporation, p. 244, 
245- Method of determining the annual evaporation in Liverpool, p. 245, 246. Ex- 
planation of the tables of evaporation, p. 246. A comparative view of the evaporation, 
rain, winds, and temperature of the air there, during the years 1772, 1773, 1774, 
and 1775, p. 247-250, Depth of rain not a true index of the moilture or drync:s 
of the atmo'phere, p. 259—252. Why much rain gives no more moiſture to the 
atmoſphere than a little, p. 251. Annual evaporation at Liverpool, p. 252. Eva- 
poration at London, p. 252. Annual evaporation at London exceeds that at Liver- 
pool, ibid, Exhalation from water at Delft in Holland, ibid. Evaporation of ſom? 
parts of England, p. 253. Not correſpondent with that at Liverpool, ibid. Annual 


cvapcration frem water fix times as much as from the earth, ibid. More falls in 
rain 


F. 
F. 
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rain than is raiſed in vapour, ſuppoſing the whole a ſurface of water, p. 254, The 
exhalation from the earth is about a ſixth part of what deſcends in rain, ibid. How 
the rain is collected and reſtored to the ſources from whence it came, p. 254, 255. 
Annual fall of rain between Lancaſhire and Yorkſhire, p. 255. Exceeds that at 
Liverpool, ibid. Ar experiment to aſcertain whether the fact of evaporation, going 
on equally well in an exhauſted receiver, was no: an unſurmountable objection to 
that theory concerning evaporation which ſuppoſes a chemical ſolution of water in 
air, p. 250. Air is a chemical ſolvent of water, and a cauſe of its evaporation, 
p. 257. Heat is another cauſe of the evaporation of water, ibid. Water may exiſt 
in air in three ſtates, ibid. Remarks on theſe different ſtates of water exiſting in air, 
p. 257—259. The degree of cold produced by the evaporation of æther under the 
receiver of an air-pump whilſt exhauſting, p. 646—648. 

Euchd, almoſt all the geometrical reaſonings of mathematicians are derived from him, 
P. 450. - 

Ezelyn, Mr. his advice of rubbing the ſtems of trees to increaſe their growth, put in 

practice, p. 12. The deſign anſwered, p, 12—14. 

Europeans, an account of their firſt meeting with the Bouteners, at the attack of Cooch 
Behar, p. 467. Their great ſurprize at each other, p. 467, 463. Boutaners, con- 
quered by the Europeans, ſue for peace, p. 468. 

Exhalation. See Evaporation. 

Expan/zon of quickfilver in the tubes of Mr. De Luc's barometer, reſulting from the 
Saleve obſervations, p. 656—658. Experiments on the expanſion of quickſilver, 
p. 6590-681. Rate of expanſion of a column of quickſilver in the tube of a baro- 
meter, p. 682, Conſtruction and application of a table of equation, for the expan- 
lion of quickſilver in the tubes of barometers, p. 68 3-686. Experiments on the 
expanſion of air in the manometer, p. 689—696. Thermometrical ſpaces compared 
with thoſe of the manometer, p. 697, Experiments for determining the actual ex- 
panſion of common air in the manometer, affected by tne heat of 212?, p. 698— 

715. Expanſion of the glaſs tube and the ſcale of the thermometers, their difference, 
p. 834. 

L x;eriments, proving that the eggs of the queen-bee are fecundated by the males, p. 

22—28, Electrical experiments, p. 43 —55. 85—144. 388—400. Barometrical 

experiments, p. 401—449. $i15—569, Experiments made with an air-pump, p. 

614-648. Experiments to obtain a rule for meaſuring heights with the barometer, 

p. 653-788. Experiments to determine the boiling points of thermometers, p. 818 


—833. 
F. 


Fair. The number of fair and froſty days in Briſtol in the year 1776, p. 354. 
Ferr, Dr. Samuel. Extract of his meteorological journal for the year 1570, kept at 


Briſtol, p. 35 3. See Meteorchgical Journal. 
ce Ry Faſting 


, 


— —yAjä — 1X n 


[ 876 J 


Faſting woman, an account of her, p. 1—11. 

Flannel. A coated phial may be charged withwelectrical ſparks from a piece of new 
flannel, ſufficiently to pierce a hole through a card with its diſcharge, p. 396. 
New flannel rubbed againſt glaſs will ſometimes make it electric, p. 397. An ex. 
periment with a piece of dry or warm flannel tied round the globe of an electrical 
machine, 397, 398. 

Fegt, contain the ſame kind of electricity as thebatmoſphere, p. 50. Thick fogs con. 
tain the ſtrongeſt electricity, ibid. The whole country of Peru involved in thick 
fogs during part of the year, p. 258. 1 

Fecd. An account of a woman living without food or drink, p. 1. See Woman, 

Franklin, Dr. his theory of the Leyden- bottle, further illuſtrated, p. 100. &c. 

Freezing point, concerning adjuſting it in the thermometers, p. 8 56, 857. 

Frofly and fair days in Briſtol in the year 1776, their number, p. 354. 

Fynney, Mr. Fielding Bell, his account of the caſe of Ann Davenport, p. 458. See 
Davenport. 


G. 


Ganges, its waters held in great veneration by the Thibetians, p. 478. 

Garuas, (thick fogs) the whole country of Peru involved in them during part of the 
year, p. 258. 

Generation. Some reſemblance of the male organs of generation in drones, p. 18. 

Geometer. The ſubterraneous geometer's method of finding the depths of mines in the 
Hartz, p. 423, 424. | 

Geometers, almoſt all their reaſonings derived from Euchd, p. 450. Their reaſonings 
with reſpect to proportional magnitudes very confined, p. 450, 451. An inveſtiga- 
tion concerning it, p. 451—457. 

Germany, barometrical obſervations on the depth of ſeveral mines there, p. 401. See 
Barameirical obſervations. 

G/a/:, Obſervations on ſome new and ſingular phenomena in excited and charged glaſs; 
with experiments made in conſequence thereof, further illuſtrating the Franklin:an 
theory of the Leyden-bottle, p. 98—116. Smooth glaſs rubbed with a rabbit's ſkin 
acquires electricity, p. 397. Will ſometimes become electric when rubbed with new 
flannel, ibid. Solid glaſs-rods dilate much leſs than barometer tubes, p. 663, 664. 
A ſolid glaſs pendulum- rod dilates much leſs than a ſteel- one, p. 698, 699. 

Glaſs plates in electrical experiments, ſealing-wax the beſt coating for them, p- 
389, 1. 

C.c/; tube hermetically ſealed, and having ſome quickfilver inclofed in its cavity, 
experiments made with one, p. 53—35. The difference of expanſion of the glaſs 
tube and the ſcale of thermometers, p. 834. 

Glenie, Mr. James, his general mathematical laws, which regulate and extend propor- 
tion univerſally; or, a method of comparing magnitudes of any kind together, in 


all the poſſible degrees of increaſe and decreaſe, p. 459—4, 57. 
C, 
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Gold, great quantities found in the kingdom of Thibet, p. 486, 487. 

Good Hope, Cape of, Mr. De la Caille's barometrical obſervations there, p. 784. 

Gottingen in the Hartz, its height above Hanover determined by barometrical obſervations, 
p- 429» 444—449- | 

Gravities, An experiment to determine hydroſtatically the ſpecific gravities of air 
and quickfilver, with a given temperature and preſſure ; and remarks thereon, p, 
557 570. 

Great River, in the kingdom of Thibet, ſome account of it, p. 481, 482. Great quan- 
tities of gold found in its ſands, p. 485. 

Greenwich and Paris, concerning the difference of longitude there, reſulting from the 
eclipſes of Jupiter's firſt ſatellites, obſerved during the laſt ten years; with a compa- 
rative table of the correſponding obſervations of the firlt ſatellite, made in the prin- 
cipal obſervatories, p. 162—186. 

Groin. An account of a hard ſubſtance extracted from a woman's groin, p. 461—463. 
Cauſed by ſwallowing a peg of wood ſixteen years before, p. 462. . 

Graot Vaader's Boſch, a wood in the interior part of Africa, a curious ſpecies of cuckow 
there, p. 43. See Cuckow, 

Growth of trees, increaſed by waſhing and rubbing, p. 12—14. 


H. 
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Hadley, Mr. remarks on the defects in his method of poliſhing the ſpeculum for reflec- 
ting teleſcopes, p. 318—320. A more perfect method of poliſhing and giving a 
correct parabolic figure to the metal at the ſame time, p. 327—335, 

Hales, Dr. his advice of waſhing the ſtems of trees to increaſe their growth, put in 
practice, p. 12. The defign anſwered, p. 12—14. Dr. Hale's calculation of the 
annual evaporation in England, p. 253. 

Halley, Dr. his obſervations on the exhalation of water in London, p. 252. 

Hanover. The heights of Gottingen, Clauſthal, Oder-brucke, and Brocken, above 
Hanover, determined by barometrical obſervations, p. 429. .444—449- 

Hare's-ſkin, a coated phial may be charged with electrical ſparks from one, ſufliciently + 
to pierce a hole through a card with its diſcharge, p. 396. 

Harris, Mr. an account of him and his two brothers, neither of whom could diſtinguiſh 
colours, p. 260—265. 

Hartz, barometrical obſervations on the depths of mines there, p. 401. See Barometrica/ 
obſervations. 

Haſtings, Mr. governor of Bengal, grants a peace to the Boutaners, p. 468 ; and enters 
into a treaty of commerce with them, p. 469. Tranſlation of the letter he received 
from the Tay ſnoo Lama, ſoliciting for peace, p. 439—49 2. 

Heat, a cauſe of the evaporation of water, p. 57. 

Heights of mines meaſured by the barometer, p. 401—449. The ſubterraneous geo- 
meter's method of finding theſe heights, p. 423, 424. Precepts and tables for cal- 

culatins. 
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culating any acceſſible heights or depths from barometrical obſervations, p. 571 

591. Eaſieſt and beſt method of determining heights by the barometer, p. 683—686. 
762, 763, 2. Experiments and obſervations made in Britain, in order to obtain a 
rule for meaſuring heights with the barometer, p. 65 3. See Barometer, Heights de. 
termined by the barometer, p. 515 — 532. 339-546. 549, 550. 532—554. 592— 
597. Rule for meaſuring ſuch heights, p. 686, 687. 734, 735. 757» 758. 762, 
763, =. Ihe rule which anſwers in middle latitudes will not in the frigid and tor. 
rid zones, p. 742—755. Remarks on the error of che rule in the tables of compu. 
tation, and a method of bringing the theory of the barometer to greater perfection, 
p 7509-77. Computations of barometrieal obſervations on various heights, 
p. 77 3707+ 

Hemmings, Mr. Experiments with his electrical cylinder, ſome days after uſing it, on the 
balls of Canton's electrometer, p. 109—113, | 

I'enly, Mr. William, his expe::ments and obſervations in electricity, p. 85. See Fl. 
tricity. His remarks on ſome experiments and obſcrvations on Mr. Volta's ele Srical 
machine, p. 117, 118. 

Hill, an account of a volcanic hill near Inverneſs, p. 385. See Yo/canic Hill. 

il, mountains, and various other places, their heights taken by barometrical obſer- 
vations, See Heights, | 


Flaney-guide, or Cuculus Indicator, a curious ſpecies of cuckow in the interior parts of 
Africa, p. 43. See Cucizav. 

Honey-hunters, how conducted by the honey - guide to the wild bee-hives, p. 44. See 
Cucſoau. 

Honig-aryxer, or honey-guide, p. 43. See Cuclotu. 

Havel, a deſcription of one on The Mole, one of the Alps, p. 535. 


Hudaart, Mr. Joſeph, his account of ſome perſons who could not diſtinguiſh colours, 
p. 260. See Colours. 


Hunter, Dr. and Mr. Henry Watſon, their account of Dr. Maty's illneſs, and of the 
appearances in the dead body, p. 608—91 3, 

Hufoancs, a plurality of huſbands allowed among the Thibetians, p. 477. 

H: Jurgeuiſi, a curious portrait of Copernicus in his poſſeſſion, p. 33, &c. 


I. 


Jaclſen, Mr. his new method of ſoldering the piece of braſs to the back cf the little 
ſpeculum of a teleſcope, p. 345. 


Jamaica, deſcription of the Jetuits* barl-tree of that iſland, p. 504—z06, Deſcription 
and uſe of the cabbage-bark tree of Jamaica, p. 507—;12. 

Jeſciis Bark Tree of Jamaica and the Caribbees, deſcription of it, p. 504—500, 

nes fatui explained, p. 142. 

Jugutries, philoſophical; conceraing them, p. 653, 654. 
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Infiruments, 2 nomber of curious ones in the Bramins* obſervatory at Benares, p. 500. 
In great preſervation, though erected two hundred years ago, ibid. Conſtruction 
and fituation of them, p. 599—6or. Their deſcription and uſe, p. bort—bo4z. . 


607. 
l vernęſi, an account of a volcanic hill near there, p. 385. See Volcanic. Hill, 


Jurnal, meteorological, for the year 1776, kept at the houſe of the Royal Society, 
p. 357-384. See Tables. 

Tourney, an account of one into Africa from the Cape of Good Hope, and a deſcription. 
of a new ſpecies of Cuckow, p. 38. See African Cuckorw, 

Jupiter's firſt ſatellites, eclipſes thereof obſerved during the laſt ten years, concerning 
the difference of longitude at Paris and Greenwich, reſulting therefrom ; with a com- 
parative table of the correſponding obſervations of the firſt ſatellite made in the prin - 
cipal obſervatories, p. 162— 186. 


K. 


Kamkubl, in the Hartz, its depth determined by barometrical obſervations, p. 417— 
419. 430—44% 
L. 


Labaſſa, the capital of Thibet, ſome account of it, p. 481, 582. Its trade, p. 482 


—48 7 
Lamp-blac/ and tar, or lamp- black and oil, preſerves the parts of maſts of ſhips covered 


with it from injury by lightning, p. 85, 86. A curious inſtance of this kind, 


p. 86—89. Experiments in artificial electricity with lamp- black and oil, 
p. 89—91. 
Lanark, computations of barometrical obſervations made on heights near there, 
p. 775 


Landen, Mr. John, his new theory of the rotatory motion of bodies affected by forces 
diſturbing ſuch motion, p. 266—295. 

Lava, an account of ſome diſcovered near Inverneſs, p. 385—387. 

Lead. mines in the Ramelſberg near Goſlar, method of working them, p. 414. 

Leather, its effect in experiments with the air- pump, p. 62 5, &c. 

Len in Staffordſhire, the remarkable caſe of a woman there, p. 458—464. 

Loden bottle, Dr. Franklin's theory of it further illuſtrated, p. 100, &c. 

Ligltaing, parts of malis 0: ſhips preſerved from its injury by being covered with lamp- 
back and tar, or lamp-black and oil, p. 85, 86. A curious 1:Rance of this kind, 
p. 80-89. 

Li.5ouſe, computations of barometrical obſervations made on heights near there, 
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Lin/eed-:il, the thick ſcum from its ſurface a very ſtrong negative electric, p. 97, 3. 

Lions, and other beaſts of prey, frequently ſeen in Africa, p. 39, 40. 

Liverpool, obſervations on the annual evaporation there; and on evaporation conſidered 
as a teſt of the moiſture or dryneſs of the atmoſphere, p. 244. See Evaporation, A 
comparative view of the rain at Liverpool during the years 1772, 1773, 1774, and 
1775, p- 247 —2 5. A comparative view of the winds there during the ſame time, ibid. 
A comparative view of the temperature of the air there during the ſame time, ibid. 

London. The annual evaporation there, p. 252. Exceeds that at Liverpeol, ibid. 
Meteorological journal for the year 1776, kept at London, p. 357—384. See Table, 
Computations of barometrical obſervations made on heights in and near London, 
P- 713+ - 

Longitude, Concerning the difference of longitude at Paris and Greenwich, reſulting 
from the eclipſes of Jupiter's firſt ſatellites, obſerved during the laſt ten years; wich a 
comparative table of the correſponding obſervations of the firſt ſatellite, made in the 
principal obſervatories, p. 162— 186. 

Lyndon, .in Rutland, extract of a regiſter of the barometer, thermometer, and rain, kept 
there, for the year 1776, p. 350. State of the barometer for that year, ibid. Of the 
thermometer within and without, ibid. The quantity of rain which fell, ibid. A ge- 
neral account of the weather during that year, p. 351, 352. 


M, 


Machines. Of the degrees and quantities of winds requiſite to move the heavier kinds 
of wind machines, p. 493—503. Experiments and obſervations on Mr. Volta's 
electrical machine, p. 116-118, Experiments on his machine for exhibiting per- 
petual electricity, p. 389—392. An experiment with a piece of dry and warm 
flannel tied round the globe of an electrical machine, p. 397, 398. 

Mackenzie, Dr. his account of a woman living without food or drink, p. 1. See 
Woman. | 

Mac Leod, Janet, the faſting woman in Roſs-ſhire, her caſe, p. 1—11, 

_ Magnitudes, The general mathematical laws which regulate and extend proportion 
univerſally z or, a method of comparing magnitudes of any kind together, in all the 
poſhble degrees of increaſe and decreaſe, p. 450. The reaſoning of geometers 
with reſpect to proportional magnitudes very confined, p. 450, 451. An 1 
concerning it, p. 451—457. 

Male organs of generation, fome reſemblances of them in drones, p. 18. 

Manatee, one taken alive by the ſea ſide in Africa, p. 40. 

Manemeter. Experiments on the expanſion of air in the manometer, p. 689g—696. 
Thermometrical ſpaces compared with thoſe of the manometer, p. 697. Experiments 


for determining the actual expanſion of common air in the manometer affected by the 
heat of 212 p. 698—715. 
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Maraldighis notion concerning the propagation of bees, p. 17, 19, Drones as ſmall as 
common bees diſcovered by him, p. 20, 21. 

Marſham, Mr. his account of the uſefulneſs of waſhing and rubbing the ſtems of trees, 
to promote their annual increaſe, p. 12. See Trees. 

Mary port, in Cumberland, au account of a perſon there who cok not diſtinguiſh 
colours, p. 260—265. 

Maferes, Francis, Eſq; his method of finding the value of an infinite ſeries of decreaſing 
quantities of a certain form, when it couverges too flowly to be ſummed in the com- 
mon way by the mere computation and addition, or ſubtraction, of ſome of its initial 
terms, p. 187. See Quantitiet. 

Maskelyne, Rev. Dr. Nevil, an account of his new inſtrument for meaſuring ſmall angles, 
called the prifmatic micrometer, p. 799. See Micrometer. 

Mat of ſhips, thoſe parts of them which were covered with lamp- black and tar, or 
lamp-black and oil, have eſcaped injury by lightning, p. 85, 86. A curious in- 
ſtance of this kind, p. 86—8g. 

Mathematical articics, leading to a clear and ſatis factory confideration of the motion 
of the earth's axis, p. 267—288, How the joint centrifugal force of a ſpheroid, or 
cylinder, having a rotatory motion about any momentary axis, is computed, p. 289 
295. 

Mathematical laws, of thoſe general ones which regulate and extend proportion univer- 
ſally; or a method of comparing magnitudes of any kind together in all the poſſible 
degrees of increaſe and decreafe, p. 450—457. 

Mathematical problem, p. 283—288. See Problem, 

Maihematicians, almoſt all their geometrical reaſoning is derived from Euchd, p. 450. 
Their reaſonings with reſpect to proportional magnitudes very confined, p. 450, 451. 
An inveſtigation concerning them, p. 451-457. 

Maty, Dr. a ſhort account of his illnefs, and of the appearances in the dead body, 
p. 608—613. | 

Megameter and micrometer, an account of a new one, p. 739—798. 

Metals, Directions for making the beſt compoſition for the metals of reflecting teleſ- 
copes ; together with a deſcription of the proceſs for grinding, poliſhing, and giviag 
the great ſpeculum the true parobolic curve, p. 296. See Tele/coprs. 

Meteorological Journal for the year 1776, kept at Briſtol, 35 3. State of the barometer 
during that year, ibid. An abridged table of the winds for that year, p. 354. Quantity 
of rain which fell, ibid. Fair and froſty days, ibid. Monthly account of the wea- 
ther, 354—356. Meteorological Journal for the year 1776 kept at the houſe of the 
Royal Society, p. 357—334. See Tables. 

Micrometer and megameter, an account of a new one, p. 789 —798. An account of 
anew inftrument for meaſuring ſmall angles, called the pitimatic micrometer, p. 799. 
Difficulties in the uſe of the objeR-glaſs micrometer, p. 799 801. Method of cor- 
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The Mole, one of the Alps, an account of it, p. 533—539. Barometrical obſervations 


reQing its error, p. 801, 802. Deſcription of an inſtrument for this purpole, p. 80 


—80. Remarks concerning its uſe, 809-8 12. Dr. Maſkelyne the firſt inventor 
of it, p. $12—915. 

Mines. Barometrical obſervations on the depth of the mines in the Hartz, p. 401. See 
Barometrical olJervaticns. Concerning the air in mines, p. 412—416., Method of 
working the lead-mines in the Ramelſberg near Goflar, p. 417. The ſubterraneous 
geometer's method of finding the depths of theſe mines, p. 423, 424. | 

Moifure or dryneſs of the atmoſphere, evaporation conſidered as a teſt of it, p. 244. 


See Evaporation. 


to aſcertain its height, p. 539—540. 549, 550. 
AMo/yneux, Mr. Remarks on the defects in his method of poliſhing the fpeculum for 


reflecting teleſcopes, p. 318—320. A more perfect methed of poliſhing and givirg 

a correct parabolic figure to the metal at the ſame time, p. 327—335. 

Mont Saleve, one of the Alps, an account of it, p. 5 15, 3. 527. Barometricat obſerya. 
tions to aſcertain its height, p. 5r5—532. 552—554. Concerning Mr. De Luc's 
obſervations thereon, 715, 716, 729, c. Rule deduced from theſe obſervations, 
p. 655, 656. Expanſion of quickſilver in the tubes of his barometers reſulting from 
the obſervations, p. 656—658. 

Moon, its action upon the earth's axis conſidered, p. 267—288, 

Mortification. The treatment to ſtop a mortification, p. 460—461. 

Motion. A new theory of the rotatory motion of bodies affected by forces diſturbing ſuch 
motion, p. 266—29 5. 

Mountains, obſervations made in Savoy, in order to aſcertain their heights by means of 
the barometer ; being an examination of Mr. De Luc's rules, delivered in his Re- 
echerches ſur les Modifications de P Atmoſphere, 513. Inſtruments uſed on this occaſion, 
515. Firſt ſeries of obſervations on Mont Saleve, ibid. Method of meaſuring it, 
p- 516, 517. Determination of the baſe, p. 518. Determination of the angles by 
the equatorial, p. 519, 520. Determination of the vertical angles, p. 521, 522. 
Determination of the fides, p. 523. Method of making the barometrical obſerva- 
tions, p. 524—528, Compariſon of the firſt ſeries, p. 529. Compariſon of the 
ſecond ſeries, p. 530, Compariſon of the third ſeries, p. 531. Barometrical rules a 
little defective as to the true ratio between the gravities of air and quickſilver, 
p. 532. Inſtruments uſed for making barometrical obſervations on the mole, p. 
533, 534 Meaſurement of this mountain, p. 539, 540. Compariſon of the firlt 

| ſeries of obſervation, p. 541. Compariſon of the iccond ſeries, p. 542. Compart- 
fon of the third ſeries, p. 543. Compariſon of the fourth ſeries, p. 544. Compariſon 
of the fifth ſeries, p. 545. Compariſoa of the ſixth ſeries, p. 546. Barometrical 
rules defective by theſe experiments, p. 547. Remark thereon, p. 547, 548. Ob- 
ſervations on the mole by M. de Sauſſure, making a deſect of Mr. De Luc's rules, 

p. 54% 
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p. 549, 550. Correſponding obſervation at Geneva, tendiog to prove the ſaid deſect, 
p. 551, 552. Other experiments on Mont Saleve, p. 552. Compariſon of the firſt 
ſeries, 553- Compariſon of the ſecond ſeries, ibid. Compariſon of the third 
ſeries, p. 554. Compariſon of the fourth ſeries, ibid. All proving the exiſtence of 
the defect in Mr. de Luc's rules, p. 554, 553. Quantity of the defect, from the reſult 
of all the barometrical experiments, p. 555, 556. An experiment to determine 
hydroſtatically the ſpecific gravities of air and quickſilver, with a given temperature 
and preſſure, p. 557—561. Statical and barometrical experiments nearly 
agree, p. 561. A ſmall difference in the equation for the expanſion of air and 
quickſilver, by a change of temperature, from what Mr. De Luc's obſervations have 
given it, p. 562—569. Remarks on the foregoing inquiry, p. 569, 570. Precepts 
and tables for calculating any acceffible heights or depths from barometrical obſer- 
vations, p. 57 1597. 

Mountains of Thibet, mulk-deer common there, p. 485, 486. 

Mudge, Mr. John, his directions for making the. beſt compoſition for the metals of re- 
flecting teleſcopes; together with a deſcription of the proceſs for grinding, poliſhing, 
and giving the great ſpeculum the true parobolic curve, p. 296. Sce Teliſcopes. 

Mus- deer, common in the mountains of Thibet, p. 485, 486. 

Mutton, the Thibetians ſingular method of preparing it, p. 473» 


N. 


Nairne, Captain, his remarks on the parts of maſts of ſhips covered with lamp- black and 
tar, or lamp-black and oil, eſcaping injury by lightning, p. 85, 86. 

Nairne, Mr. Edvard, his account of ſome experiments made with an air-pump on Mr. 
Smeaton's principle; together with ſome experiments with a common air-pump 
p- 614. See Air-pump. 

Newton, Sir Iſaac, the firſt propoſer of poliſhing the metal for reflecting teleſcopes with 
pitch, p. 344- Pitch ſuppoſed to be the only ſubſtance in nature, that is perfectly 
calculated for that purpoſe, p. 345— 347+ 

North American Biſon, the ſame as the great buffaloe in the wilds of Africa, p. 40. 


O. 


ObjeR-glaſs micrometer, an error in its uſe, p. 799-801. Method of correcting the 
error, p. 801-8 12. 
Ober vatory. An account of the Bramins obſervatory at 3 p- 598. See Bramins 
obſervatory. 
Oder Brucke, in the Hartz, its height above Clauſthal determined by barometrical obſer- 
vations, p. 429. 444—449» 
Oil and lamp-black, or lamp- black and tar, preſerve the parts of maſts of ſhips covered, 
with it from injury by lightning, p. 85, 86. A curicus inſtance of this kind, 
582 p. 86— 
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p. 86—$9.. Experiments in artificial electricity with lawp-black and oil, p. 1 
The thick ſcum from the ſurface of Linſeed - oil, a very ſtrong negative elechtic, 


P+ 97. . 
Oi/-colours, electrical experiments on ſome, p. 394, 395. 


Oil paint, over any ſubſtance, will defend it from a flight electrical ſhock, p. 394, 


395- 
Olive-cil, melted. with chocolate, will reftore its electricity, p. 95. 


P 


Paint. Oil, paint over any ſubſtance will defend it from a — electrical hack 
P- 394, 395 

Painter. The old painters never gave that brightneſs to the eyes which the moderr: 
do in their portraits, p. 35. The former came nearer to nature than the latter, 
ibid. 

Pager, painted with different oil- colours, electrical experiments on it, p. 394, 395. A 
coated phial may be charged with electrical ſparks from a piece of paper, ſufficiently 
to pierce a hole through a card with its diſcharge, p. 396. : 

Paris and Greenwich, conceraing their difference of longitudes, reſulting from the 
eclipſes of Jupiter's ſatellites, obſerved during the laſt ten years; with a comparative 
table of the correſponding obſervations of the firſt ſatellite, made in the principal ob- 
ſervatories ; p. 162—186. 

Star- gage, deſcription of Mr. Smeaton's, p. 614—616., Quantity of permanent air re- 
maining in the receiver of an air-pump when exhauſted as much as poſſible, can be 
known only by this gage, p. 636, 637. The only means alſo of diſcovering what 
part of the receiver contains vapour, and what part permanent air, p. 637. 

Prndulam., Computation of the ſeries which expreſſes the time of the deſcent of a pen- 
dulum through the arch of a circle, p. 215230. A pendulum-rod of ſolid glals 
dilates muck leſs than one of ſteel, p. 698, 699. 

Perfons who could not diſtinguiſh colours; an account of three brothers, p. 260. See 
Colours. | 

Peter's Rock, a volcanic hill near Invernefs ; an account of it, p. 385—387, 

Peru, no rain ever in that Kingdom, p. 257, Its atmoſphere during part of the year 
conſtantly obſcured with vapours, and the whole country involved in thick fogs, 
p. 257, 258. Computations, of Mr. Buguer's barometrical obſervations in Pera, 
p- 787. 

Phial. A coated phial may be charged with eleQrical ſparks ſufficiently to pierce 
a hole through a card with its diſcharge, from a piece of new flannel, a hare's fcn, 
or a piece cf paper, p. 396. An electrical experiment on a phial, the inſide coating 
of which was {tuck with varuiſh, p. 398, 399. 

Prilo/ophical inquiries; concerning them, p. 398, 399. 
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Pint-appies. Extract of a letter from William Baſſ ard, Eſq; on the culture of pine-apples, 


p- 649. Method of raiſing pine-apples in water, p. 649—65 2. 

Pitch, Sir Iſaac Newton the firſt propoſer of poliſhing the metal for refleQing teleſcopes 
with it, p. 344. Suppoſed to be the only ſubſtance in nature that 1s perfectly calcu» 
lated for that purpoſe, p. 345—347- 

Phy, his opinion concerning the propagation of bees, p- 16. 

Packet electrometer, deſcription of one, p. 399, 400. 

Pele. The ſurface of the earth at the pole for ever covered with ſnow, p. 764. 2. 

Pole· cat, (Viverra Putorius) a ſpecies of it found in Africa, p. 40. 

Politics and religion of the Thibetians, p. 473—479. 


Portrait of Copernicus, preſented to the Royal Society by Dr. Wolf; an account of it; 


p- 33- See Copernicus. A portrait of him in the great church at Thorn, p. 34. 

Portraits. See Painters, 

Pr:cepts and tables for calculating any acceſſible heights or depths from barometrical ob- 
ſervations, p. 57 1—597- 

Priſmatic micrometer ; an account of a new inſtrument ſo called; for meaſuring ſmall 
angles, p. 799. See Micrometer. 


Problem (mathematical). Suppoſe a given ſpheroid, whilſt revolving uniformly about its 
proper axis, with a given angular velocity, to be ſuddenly urged by ſome percuſſive 


force to turn, with ſome given angular velocity, about a diameter of its equator; 
it. is propoſed to explain tbe rotatory motion of the ſpheroid conſequent to the im- 
pulſe ſo received, 283—288. 

Proportion. The general mathematical laws which regulate and extend proportion uni- 
verſally; or, a method of comparing magnitudes of any kind together in all the 
poſſible degrees of increaſe and decreaſe, p. 459—457. 

Pump, See Air-pump. 


6 


Puantities (mathematical). A method of finding the value of an infinite ſeries of de- 


creaſing quantities of a certain form, when it converges too ſlowly to be ſummed in 


the common way by the mere computation and addition, or ſubtraction of ſome of 
its initial terms, p. 187. Differential ſeries, p. 187—190. Of the convergency of 
the foregoing differential ſeries, p. 190—191, Of the inveſtigation of the foregoing 
differential ſeries, p. 191—194. Examples of the uſefulneſs of the foregoing diffe- 
rential ſeries in finding the values of infinite ſerieſes «noſe terms decreaſe very 
ſlowly, p. 194. Computations of the lengths of circular arcs by means of infinite 
(erieſſes derived from their tangents, p. 194—199. Computation of an arch of 30 
degrees, p. 199—203. Computation of an arch of 45 degrees, p. 203215. Com- 


putation of the ſeries which expreſſes the time of the deſcent of a pendulam through . 


me arch of a circle, p. 215-230. 
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Queen · Bees produced from the common eggs, p. 28—30. The working-bees have the 
power of making a queen of any worm in the hive, p. 30, 31. The received opinion 
that the queen-bees are produced from a particular kind of eggs, erroneouz, 

31. 

83 An experiment to determine hydroſtatically the ſpecific gravities of air 
and quickfilver, with a given temperature and preſſure, and remarks thereon, 
p. 557-570, Expanſion of quickſilver in the tubes of Mr. De Luc's barometer, re- 
ſulting from the Saleve obſervations, p. 656—658. Experiments on the expanſion 
of quickſilver, p. 659—68:1. Rate of expanſion of a column of quickfilver in the 
tube of a barometer, p. 682. Conſtruction and application of a table of equation, 
for the expanſion of quickfilver in the tubes of barometers, p. 68 3z—686., The 
equation to be applied to the obſerved height of quickfilver in the barometer, 
from 15 to 31 inches; and for differences of temperature extending to 1029 of Fahren- 
heit; whereby the column is reduced to the height it would have flood at in the 
temperature of 32 degrees, p. 687. The expanſion of common air does not keep 
pace with the dilatations of quickſilver, p. 695. 


R. 


Rabbit”; ſkin, a coated phial may be charged with electrical ſparks from one, ſufficiently 
to pierce a hole through a card with its diſcharge, p. 396. Smooth plaſs rubbed 
with a rabbit's ſkin acquires electricity, p. 397. 

Rain. Deſcription of an electrometer for the rain, p. 51, 52. No rain ever in the king- 
dom of Peru, p. 257. The quantity of rain falling not ſo good a teſt of the ſtate of the 
atmoſphere as evaporation, p. 244, 245. A comparative view of the rain at Liver- 
pool during the years 1772, 1773, 1774, and 1775, p. 247—250. Depth of the 
rain not a true index of the moiſture or dryneſs of the atmoſphere, p. 250—2 52. Why 
much rain gives no more moiſture to the atmoſphere than a little, p. 281. More 

rain falls than is raiſed in vapour, ſuppoſing the whole to be a ſurface of water, p.254. 
Six times more deſcends in rain than what is exhaled from the earth, ibid. How the 
rain 1s collected and reſtored to the ſources from whence it came, p. 254, 255. An- 
nual fall of rain between Lancaſhire and Yorkſhire, p. 255. Exceeds that of Liver- 
pool, ibid. The quantity of rain which fell at Lyndon in Rutland during the year 
1776, p. 350. What quantity fell in Briſtol in the ſame year, p. 354. State of the 
rain for each month in London, throughout the ſame year, p. 358—38 1. Quantity 
which fell in each month, and in the whole year, p. 382. 5 

Nain- gage, wrong method of fixing it, p. 255. 

Ramelſgerg near Goſlar, in the Hartz, method of working the lead · mines there, p. 414 
Depth of mines there determined by barometrical obſervations, p. 417—4'9- 
436—440. 

Ram/den, Mr. deſcription of his portable barometer, p. 658, 659. 


J. 


Raumur, 


1 


Zraumur, on the propagation of bees, p. 16. 18. He diſcovered drones as ſmall as 
common bees, p. 21. 

Recherches ſur les Modifications de P Atmoſphere, an examination of Mr. De Luc's rules de- 
livered therein, by obſervations made in Savoy, in order to aſcertain the height of 
mountains by means of the barometer, p. 513. See Mountains. 

Religion and politics of the Thibetians, p. 47 3—479- 

Report of the committee appointed by the Royal Society to conſider of the beſt method 
of adjuſting the fixed points of thermometers ; and of the precautions neceſſary to 
be uſed in making experiments with thoſe inſtruments, p. 816. See Thermcmeters. 

Republic of bees, the different ſexes that conſtitute it, p. 19 20. 

River, ſome account of the great river in the kingdom of Thibet, p. 48 1, 482. 

Rochon, Abbé; the firit diſcoverer of a new micrometer and megameter, p. 789—792. 
See 812—815. 

Rogers, Rev. Mr. his certificate of the truth of the remarkable caſe of Aun Davenport, 

p. 464. | 

Rome. Height of St. Peter's church at Rome determined by the barometer, p. 582. 
And of the Tarpeian rock there, p. 584. 

Neſ ire, an account of a woman there living without food or drink, p. 1. See 


Woman. 
Ney, Colonel William, his experiments and obſervations made in Britain, in order to 


obtain a rule for meaſuring heights with the barometer, p. 653. Firſt part of the 


Rule, p. 686. Second part, p. 734, 735- Third part, 757, 758. See Barometer. 
Riyal Obſervatories at Paris and Greenwich, concerning the difference of longitude at 
theſe places, reſulting from the eclipſes of Jupiter's firit ſatellites, obſerved during the 


laſt ten years; with a comparative table of the correſponding obſervations of the firſt 


ſatellite, made in the principal obſervatories, p. 162—186. 

Rizal Society, a meteorological journal for the year 1776, kept at their houſe, p. 357— 
384. See Tables, The report of the commitree appointed by the Royal Society to 
conſider of the beſt method of adjuſting the fixed points of thermometers; and of the 


precautions neceſſary to be uſed in making experiments with thoſe inſtrumeats, p.8 16. 


See Thermometers. 

Rubbing and waſhing the ſtems of trees increaſes their growth, p. 12—14. 

Rule for mealuring heights with the barometer, 653. Firſt part, 686, Second part, 
734» 735. Third part, 757, 758. See Barometer. Roy. 


8. 


Caleve, Mont, an account of it, p. $15, 1. 527. Barometrical obſervations to aſcer- 
tain its height, p. 515—532. $52—554- Concerning Mr. De Luc's barometrical 
obſervations thereon, p. 715, 716. 729, &c. Rule deduced from the Saleve obſer- 
vations, p. 655, 656. 

Jatellites. Eclipſes of Jupiter's firſt ſatellites, obſerved during the laſt ten years, con- 


cerning the difference of longitude at Paris and Greenwich reſulting therefrom ; with: 
a. com- 
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A comparative table of the correſponding obſervations of the art ſatellite made i in the 
principal obſervatories, p. 162—186. 


Savoy. Obſervations made in Savoy, in order to aſcertain the height of mountains by 


means of the barometer, being an examination of Mr, De Luc's rules, delivered in 
his Recherches ſur les Mod: fications de Þ Atmeſphere, p. 513. See Mountains. 

Scale of barometers, fixing them with ciſterns recommended, p. 405, 406. The ſcale 
and glaſs tube of thermometers, their difference of expanſion, p. 834. 

Shirach, his account of the ſex of the working- bees, p. 19. 21. 

Sea-anemonies, a third eſſay on them, p. 56. Obſervations on the generation of the fourth 
ſpecies of anemonies, p. 57—78. A further obſervation on the firſt ſpecies 
p. 79—84- | 

Sealing-wax, the beſt coating for glaſs-plates in electrical experiments, p. 389, #. 

Sex of bees, diſcoveries thereon, explaining the manner in which their ſpecies is pro. 
pazated, with an account of the utility that may be derived from thoſe diſcoveries 
by the actual application of them to practice, p. 15. See Bees. The different ſexes 
that conſtitute the republic of bees, p. 19, 20. 

Shauls, an account of the fine wool of which they are made, p. 485. Produced from 
the Thibetian ſheep, ibid. 

Sheep. An account of the fine wool produced from the Thibetian ſheep, p. 435. The 
ſhauls made of it, ibid. : 

Sbipt. Parts of their maſts which were covered with lamp- black and tar, or lamp-black 
and oil, have eſcaped injury by lightning, p. 85, 6. A curious inſtance of this 
kind, p. 86—89. 

Short, Mr. his method of furniſhing teleſcopes with Metals, p. 3 39, 340. 

Shuckburg, Sir George, his obſervations made in Savoy, in order to aſcertain the height 
of mountains by means of the barometer, being an examination of Mr, De Luc's 
rules, delivered in his Recherches ſur les Modifications de P Atmoſphere, p. 513. See 
Mountains. 

Smtaton, Mr. an account of ſome experiments made with an air- pump on his principle; 
together with ſome experimets with a common air-pump, p. 614. See Air. pump. 
Deſcription of Mr. Smeaton's pear-gage, p. 614—616, Quantity of permanent air 
remaining in the receiver of an air-pump, when exhauſted as much as poffible, can 
be known only by his gage, p. 636, 637. It is alſo the only means of diſcovering 
what part of the receiver contains vapour, and what part permanent air, p. 637- 

Smith, Dr. defects in the compoſitions of metal recommended by him for the ſpecula of 
reflecting teleſcopes, p. 297. 299. How this imperfection in the metal may be pre- 
vented, p. 300—303. | 

$now, the ſurface of the earth at the pole covered with it, p. 764, #. 

Sparrman, Dr. Andreas, his account of a journey into Africa from the Cape of Good- 


hope; with a deſcription of a new ſpecies of cuckow, p. 38. See rica 
Cuchony. 


Specu un. 


E 

geculum. Directions for making the beſt compoſition for the metals of refleQing tele- 
ſcopes; together with a defcription of the proceſs for grinding, poliſhing, and giving 
the great ſpeculum the true parabolic curve, p. 296. See Tele/copes. 
\heroid. How the joint centrifugal force of the particles of a ſpheroid or cylinder, 
having a rotatory motion about any momentary axis, is computed, p. 289 —295. 
Fouts, Water-ſpouts occaſioned by electricity, p. 141. 
S. Peter's church at Rome, its height determined by the barometer, p. 582. 
Stedman, Dr. John, on the degrees and quantities of wind requiſite to move the heavier 
kinds of wind-machines, p. 49 ;3—503- 
Steel, A ſteel- pendulum- rod dilates much more than one of ſolid-glaſs, p. 698, 699. 
Seems of trees, the uſefulneſs of waſhing and rubbing them, to promote their annual in- 
creaſe, p. 12. Sce Trees. 
Stewart, John, Eſq. his account of the kingdom of Thibet, p. 4655. See Th:ber. 
Sting, none in drones, p. 25, 26. 
Strange, John, Eſq. extract of his letters; with the Abbe Joſeph Toaldo's letter to him, 

giving an account of the tides in the Adriatic, p. 144—161. A 
Subſtance. An account of a hard ſubſtance extracted from a woman's groin, p. 461— 
463. Cauſed by a peg of wood which ſhe had ſwallowed ſixteen years before, 
Pp. 462, u. 
Jun, its action on the motion of the earth's axis conſidered in ſome mathematical arti- 
cles, p. 267—288. How the joint centrifugal force of the particles of a ſpheroid or 
cylinder, having a rotatory motion about any momentary axis, is computed, 
p. 289—295. 
Swammerdam, on the propagation of bees. p. 16. 18. 


'T. 


TazLEs. 
Obſervations on the electricity of the atmoſphere, p. go. 


the balls of Canton's electrometer, p. 199—1 13. 

Electricity of various ſubſtances diſcovered by a ſimple electrical apparatus, 
p- 122—126. ty 

Concerning the tides in the Adriatic, p. 151. 153. Allus medius annorum, 175 1— 


_ =eſtus maris, ſecundum X11. ſigna zodiaci, quatenus refertur ad Lunam, p. 160. 
Concerning the difference of longitude at Paris and Greenwich, reſulting from the 
eclipſes of Jupiter's firſt ſatellites, obſerved during the laſt ten years z with a com- 
parative table of the correſponding obſervations of the firſt ſatellite, made vin the 
principal obſervatories, p. 163. 165. 167. 170—186. 

A comparative view of the evaporation, rain, winds, and temperature of the air, dur- 
ing the year 1772, at Liverpool, p. 247. 
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Experiments with Mr. Hemming's electrical cylinder, for ſome days after uſing it, on 
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TABTESs. 
Comparative view of the ſame for the year 1773, p. 248. 
Comparative view of the ſame for the year 1774, p. 249. 
Comparative view of the ſame for the year 1775, p. 250. 
State of the barometer, thermometer, with what rain fell, at Lyndon in Rutland, 
during the year 1776, p. 350. | 

State of the barometer at Briſtol during the year 1776, p. 353. 

An abridged table of the winds, &c. for Brittol, for the year 1776, p. 354. 

Meteorological journal for the year 1776, kept at the houſe of the Royal Society, 

p. 357- State of the thermometer without and within, of the barometer, rain, 
winds, and weather, for January, p. 358, 359. For February, p. 360, 361, 
For March, p. 362, 363. For April, p. 364, 365. For May, p. 366, 367. For 
June, p. 368, 369. For July, p. 370, 371. For Auguſt, p. 372, 373. For Sep- 
tember, p. 374, 375. For October, p. 376, 377. For November, p. 378, 379, 
For December, p. 380, 381. Greateſt, leaſt, and mean height of the thermometer 
without and within, and of the barometer, with the quantity of rain, in each 
month throughout the year, p. 382. Variation needle, p. 383. Dipping needle, 
p- 384. 

Barometrical obſervations determining depths and heights, p. 410—449. 

The proportion of winds of the ſecond degree and upwards, to thoſe of the firſt and 


below, for five years, p. 502. 
The proportion of fluids of the third degree and upwards, to thoſe of the ſecond and 


below, for five years, p. 503- 

Barometrical obſervations to aſcertain the height of mountains, p. 518—53:, 
540-555 . 

Obſervations on the expanſion of air, p. 563. 

Precepts and tables for calculating any acceſſible heights or depths from barometrical 
obſervations, p. 571—597- 

Experiments with an air-pump, p. 628—635. 638. 641. 645, 646. 

Rate of Expanſion of a column of quickſilver in the tube of a barometer, 
p- 682. 

The equation to be applied to the obſerved height of quickfilver in the barometer, 
frem 15 to 31 inches; and for differences of temperature extending to 102 of 
Fahrenheit; whereby the column is reduced to the height it would have ſtood 
at in the temperature of 32®, p. 687. 

Thermometrical compared with manometrical ſpaces, p. 697. 

Reſults of experiments on the expanſion of air, whoſe mean 1 denſity was equal to 
two and a half atmoſpheres, p. 700. 

' Reſults of experiments on the expanſion of air of the denſity of five- ſixths of the com- 
mon atmoſphere ; and of others on air that was extremely rare, being only prefled 


with about one fifth of an atmoſphere, p. 701. 
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TABLES: 


Reſults of experiments on the expanſion of air of the denſty of the common atmol- 
phere, p. 703. 

Expanſions for intermediate temperatures, p. 704. 

Reſults of experiments on the expanſion of air, artificially moĩſtened, by the admiſſion 
of ſteam, and ſometimes water, into the bulb of the manometer, p. 705. 

Heights determined geometrically, p. 717, 781. 

The equation depending on the temperature of the column of air, its elevation 
above the ſea, as denoted by the mean height of mercury in the inferior and ſu- 
perior barometers, p. 771. | 

Computations of barometrical obſervations made on heights in and near London, 
p. 773+ 

Computations of barometrical obſervations made on heights near Taybridge, near 
Perthſhire, and of thoſe near Lanark, p. 775. 

Computations of barometrical obſervations made on heights near Edinburgh, p- 777. 

Computations of barometrical obſervations made on heights near Linhouſe; and of 
thoſe near Carnarvon in North Wales, p. 779. 

Computations of part of Mr. De Luc's barometrical obſervations, anſwering to the 
coldeit and hotteſt temperatures of the air, p. 781—784. 

Computations of barometrical obſervations made on heights that have not been de- 
termined geometrically, p. 785. 

Computations of Mr. Bouguer's barometrical obſervations in Peru, p. 787. 

For aHuſting the boiling point of thermometers, p. 854. 

For adj uſting the freezing point of thermometers, p. 8 56. | 

Tails. Remarkable cow-tails produced in the kingdom of Thibet, p. 484. To what 
uſe they are applied, p. 484, 435. The beaſt deſcribed, p. 484. 

Tar and lamp-black, or lamp-black and oil, have preſerved che parts of maſts of ſhips 
which were covered with it from injury by lightning, p. 85, 86. 
ſtance of this kind, p. 86—89. 

Tarpeian Rock at Rome, its height determined by the barometer, p. 584. 

Tartars, heathen, who the great object of their adoration, p. 474—476. 

Tay bridge, in Perthſhire, computations of barometrical obſervations made on hei ghts 
near there, p. 775. 

Tayſpro Lama of the kingdom of Thibet, ſome account of him, p. 468. 475. 479—43ts 
Tranſlation of his letter to the governor of Bengal, ſoliciting a peace, p. 489—492. 
Teleſcopes. Directions for making the beft compoſition for the metals of reflecting tele- 
ſcopes; with a deſcription of the proceſs for grinding, poliſhing, and giving the 
great ſpeculum the true parabolic curve, p. 296. Enquiry concerning the compo- 
hton for the ſpecula of reflecting teleſcopes, p. 297—3o1. How to make the beſt 
metal for this purpoſe, p. 302, 303. Four tools only neceſſary er grinding and 

Poliſhing it, p. 304. Of rough grinding the ſpeculum, p. 304-300. 
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of forming the braſs · grinding tool, p. 306, 307. How to form the bed of hones, on 
the third tool, p. 307, 308. The manner of forming the bruiſer, p. 308, 309. How 
to procure waſhed emery for the working of theſe tools, p. 30g. Of grinding the 
ſpeculum, the braſs tool, and the bruiſer together, p. 309311. The manner. of 
6guring the metal upon the hones, p. 311—316. Remarks on Meſſrs. Hadley and 
Molyneux's method of poliſhing the ſpeculum, p. 318—320. Experiments which 
led to a certain and eaſy method of giving an exquiſite poliſh, and a correct para. 
bolic figure to the metal at the ſame time, p. 321—327. How to poliſh the ſpe- 
culum, p. 327—333- How to give the parabolic figure to the metal, p. 333—335. 
To try the true figure of the metal, p. 333—34:. Farther remarks on the proceſs 
of poliſhing the ſpeculum, p. 34:—343- Teſt of a good teleſcope, p. 343, 344. 
Sir Iſaac Newton firſt propoſed the poliſhing with pitch, p. 344 Suppoſed to be 
the only ſubſtance in nature that 1s perfectly calculated for that purpoſe, p. 345. 347. 
Proceſs for poliſhing the little ſpeculum, ibid. A new method of ſoldering the piece 


of braſs to the back of the little ſpeculum, p. 346. Explanation of the figures on the 


plate, p. 348, 349- 
Theory. A new theory of the rotatory motion. of bodies affected by forces diſturbing 


ſuch motion, p. 266. 

Thermemeter, ſtate of it at Lyndon in Rutland, during the year 1776, p. 350.. State of 
it without and within in London, for each month throughout the ſame year, 
p. 358—38 1. Greatell, leaſt, and mean height in each month. p. 382. The report 
of the committee appointed by the Royal Society to conſider of the beſt method of 
adjuſting the fixed points of thermometers z; and of the precautions neceſſary to be 
uſed in waking experiments with thoſe inſtruments, p. 816. The quickſilver in the 
tube and in the ball ſhould be of the ſame heat, and the ball not immerſed deep in. 
the water, p. $18. 835. Method of obtaining theſe requiſites, p. 815. Experiments 
to determine the boiling point of thermameters, p. 8 18—83 3. Of the difference of 
expanſion.of the glaſs tube and the ſcale, p. 834. Concerning the correction neceſ- 
ſary to be made when the quickſilver in the tube is of a different heat from that in 
the ball, p. $35—344. Rules to be obſerved in adjuſting the boiling point, p. 845—- 
8 5 c. On the freezing point, p. 856, 857, Precautions neceſſary to be obſerved in 
making obſervations with thermometers, p. 857. 

Thibet, or Boutan, an account of the kingdom of, p. 463. Hardly known to Euro- 
peaus, ibid, Its ſituation, p. 466. The war which led to a farther diſcovery. of this 
country, p. 467. The Europeans and Boutaners firſt meet at the attack of Cooch- 
Behar, ibid. Both greatly ſurprized at meeting with ſuch a race of men, p. 467, 
463. The Boutaners conquered by the Europeans, ſue for peace, p. 468. The 
governor of Bengal grants a. peace, and enters into a treaty of commerce with 
them, p. 468, 469, Deſcription of the country, p. 469—471. Of the inhabitants, 
p. 470. 472. Their dreſs, p. 472. Food, p. 472, 473. Their religion and poli- 
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tics, p. 473=479- Some account of their buildings, p. 479. Of its capital ard: 
trade, p. 481i—487. Tranſlation. of a letter from the Taythoo Lama to the gover- 


nor of Bengal, ſoliciting a peace, p. 489—492. 


Thorn, a portrait of Copernicus in the great church there, p. 34. 

Tides. An account of the tides in the Adriatic, p. 145—164. 

Time, the Bramins method of reckoning it, p. 606. 

Taalib, the Abbe Joſeph, his account of the tides in the Adriatic, p. 145—16r. 

Townley, Mr. his obſervations on the annual fall of rain between Lancaſhire and York- 


ſhire, p. 255. It exceeds that at Liverpool, ibid. An error in fixing his rain- 
gage, ibid. 


Trees. On the uſefulneſs of waſhing and rubbing the ſtems of trees, to promote their 


annual increaſe, p. 12. Tree cleared of moſs and dirt with water and a bruſh, ibid. 
Waſhed with a coarſe flannel, ibid. Waſhings frequent in dry times, ibid. Flou-- 
riſhing ſtate of the waſhed tree compared with others of the ſame nature,. 


p. 12—14. Deſcription of the Jeſuits Bark-tree of Jamaica and the Caribbees, 


p. 504—506. Deſcription and uſe of the Cabbage-bark tree of Jamaica,, 
P · — 51 2s. 


"© 


V. 


Vapour, its effect in experiments with the air- pump, p. 625, ce. Its effect in the ex- 
panſion of quickfilver, p. 670, &c. 


Yapours, the atmoſphere of Peru conſtantly obſcured with them during part of the year, 


and the whole country involved in thick fogs, p. 257, 258. 


Farniſbp, An electrical experiment on a phial, the inſide coating of which was ſtuck. 


with varniſh, p. 398, 399. 
Viverra Putorious, a ſpecies of pole-cat, found in Africa, p. 40. 
Valcanic-hill, an account of one near Inverneſs, p. 385, Named Creck Faterick, or 


Peter's Rock, p. 386. Deſcription of it, p. 386, 387. Evident marks of its having 


been a volcano, p. 386, and 387 x. No crater could be diſcovered, p. 386, 387 
Another hill near Dingwal, in this country, ſuppoſed to be volcanic, p. 387. 

Volta's electrical machine, experiments and obſervations on it, with remarks, p. 1:6— 
118, Experiments on his plates, commonly called a machine for exhibiting per- 


petual electricity, p. 389—392. 
W. 


Wargentin, Mr. Peter, his letter concerning the difference of longitude of Paris and 


— 


Greenwich, reſulting from the eclipſes of Jupiter's firſt ſatellites, obſerved during the 


laſt ten years; with a comparative table of the correſpouding obſervations of the firſt. 


ſatellite, made in the principal obſervatories, p. 162—186. 
Ta/hing and rubbing the ſtems of trees increaſes their growth, p. 12—14. 


Naber. 
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Naser. Air an active ſolrent of water, in proportion to its dryneſs, p. 249—25. 
Hcat, another cauſe of the evaporation of water, p. 257. Water may exiſt in air 
in three ſtates, ibid. Remarks on theſe different ſtates of water exiſting in air, 
p. 257—259. Water heavier than air, p. 560. On the exhalation of water in 1 
don, p. 252. And at Delft in Holland, ibid. Annual evaporation from water {fx 
times as much as it is from the earth, p. 253. The waters of the Ganges held in 
great veneration by the Thibetians, p. 478. Method of raifing pine apples in water, 
p. 649—65 2, 

Water-co/curs, electrical experiments thereon, p. 392—394. 

Mater. ſpuuts occaſioned by electricity, p. 141. 

I} at/on, Mr. Henry, and Dr. Hunter, their account of Dr, Maty's illneſs, and of the 
appearances in the dead body, p. 6o8—01 3, 

I ax, great quantities loſt yearly for want of bees to collect it, p-. 31, 32. Berſons 
forming ſticks of wax frequently diſcover electric attraction, p. 94, x. Sealing- war 
the beſt coating for glaſs- plates in electrical experiments, p. 389, =. 

Meat ber, general ſtate of it at Lyndon in Rutlandſhire during the year 1776, p. 35i, 
35 2. Monthly account of 1t in Briſtol for the ſame year, p. 354 356. State of the 
weather in London for each month throughout the ſame year, p. 358—381. 

e, Thomas, eſq. his account of a volcanic-hill near Inverneſs, p. 385. See Volcanic- 
hill. 

Vill bee hives, how men are conducted to them by the honey-guide, a curious ſpecies 
of cuckow, p. 43—45. See Cuckozw, 

T/inds, a comparative view of them at Liverpool, during the years 1772, 1773, 1774, 
and 1775, p. 247—250. An abridged view of the winds at Briftol, for the year 1776, 
p- 354+ State cf the winds in London for each month throughout the ſame year, 
p- 358-381. Of the degrees and quantities of winds requiſite to move the heavier 
kinds of wind-machines, p. 493. The proportion of winds of the ſecond degree and 
upwards, to thoſe of the firſt and below, for five years, p. 502. The proportion 
of winds of the third degree and upwards, to thoſe of the ſecond and below, for five 
years, p. 503. Effect of winds on the barometer, p. 751—753. 

Wind-machines, Of the degrees and quantities of winds requiſite to move the heavier 
kinds of wind- machines, p. 493—503. 

olf, Dr. an account of the portrait of Copernicus, preſented by him to the Royal 
Society, p. 33. See Copernicus. 


Heman. An account of one in the ſhire of Roſs, living without food or drink, p. !- 


The diſorder brought on by epileptic fits, p. 2, 3. Her eye-lids loft their natural 
power, ibid. Menſes diſappeared, and ſhe monthly diſcharged blood from her mouth 
and noſe, ibid. Took to her bed, and rejected food, p. 3. Totally refuſed food 
and drink, and her jaw became faſt- locked, ibid. Lolt her ſpeech, p. 4, 5. Senſible 
of every thing that was ſaid or done, p. 5. Swallowed nothing but two draugits of 
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water for four years, ibid. No evacuation by ſtool, and ſcarcely any by urine, for- 


three years, p. 5, 6. Her pulſe diſtinct and regular, flow and ſmall, p. 6. Coun- 


tenance clear and pretty freſh, and her features neither disfigured nor ſunk, ibid. 


Her body felt like that of a healthy young woman, ibid. Her knees bent, and ham- 
ſtrings tight as a bow-ſtring, ibid. She ſleeps much and quietly, but keeps a conſtant 
whimpering when awake, p. 7. Her mouth ſoft and moiſt, ibid. State and con- 
dition of the patient five years after the above account was taken, p. 8. A few 
crumbs and a little moiſture her only ſuſtenance, ibid. Jaws ſtill faſt-locked, and 
ſhe never attempts to ſpeak, p. 9. Her ham-ftrings tight as before, and eyes ſhut, 
ibid. Her whole perſon rather emaciated, ibid. Still ſenſible and tractable in every 


thing, ibid. Great improvement in her looks and health, p. 11. Takes more food, 
An account of a 


ibid. The account of this woman authenticated, p. 10, 1 1. 
hard ſubſtance extracted from a woman's groin, p. 46i—463. Cauſed by a peg of 
wood which ſhe had ſwallowed ſixteen years before, p. 462. u. 

Mood. An account of a hard ſubſtance extracted from a woman's groin, cauſed by a 
peg of wood which ſhe had ſwallowed fixteen years before, p. 461—463. The effe& 
of box-wood in experiments with the air-pump, p. 626, &c. 


Wal. An account of the fine wool from which the ſhauls are made, p. 48 5. Produced. 


from a Thibet ſheep, ibid. 
Worm-bark tree of Jamaica, its deſcription and uſe, p. 5o07y—512. 


Wright, Dr. William, his deſcription of the Jeſuits* Bark-tree of Jamaica and the Carib- 
bees, p. 5$04—506, His deſcription and uſe of the cabbage-bark tree of Jamaica, 


p · 507—5 12. 
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The Number of PLATEs in this Volume is TWENTY. 


The ſecond, containing two different ſubjects, is marked Tab. Il. at 
the Top, and Tab. III. below. The drawing of the eleventh 


Plate, having been ſent in too late to be numbered in the regular 


ſeries, is marked Tab. X. 


The letter-preſs tables ſhould be bound in upon guards by the middle, 
to avoid any folding out; and in thoſe which muſt be looked at 
fide-ways, the page ſhould lie towards the right-hand, 


15. 


162, 6. 
165, 9. 
9 
258, 2. 
3354» 2 
4759 13 
518, 7 
519, 7 
520, 4. 
3, . 
C225 4 
. 
341» 4 
. 11. 
$46, 8 
$479 11 
556. 17 
560, 1. 

18. 


502, 12. for barometer, read manometer 
— a 188 

568, 5. from the bottom, for I — 5 X k—e—a=5-x, read p _ — 
509, 19. dele the ſemicolon after quantity, and inſert it after inſtance 
3578, 5. from the bottom, for the attached Therm. read the two attached Therm. 
585, 2. read, ſee p. 574 and 567 

in the column for 25 inches, and agaunll 21 fer 53,2, read 53,1 
386, 3. ada, ſee p. 568 and 559 

In the 4th col, of the table at the top, fr 1,10, read 15,10, 

Vol. LXVII, ;U. 


9. 


E-R:-R-A.T. A 


for commmunicate, read communicate, 
for XLVIII, read LIV. 


for Satellites, read Satellite 


or ineptats, read ineptas 
from the bottom, for but, read long 


from the botttom, fer long, read but 


» for the year 1775, read the year 1775. 
. for credulitity, read credulity 


1 . 
read 


from the bottom, /or 
2000 20,000 


for 233“, 64» 15". read 233% 53. 15“ 
inſert . c by 4th obſervation==y?, 59', o'—,?, 38, 
for mountains, read mountain. 

or correct for the ſignal 59”, read 5 


for 27,7925, read 25,7025. 


.. for above at C. read above at B. 
fer correct height in fathom 686,619, read 68 5,619. 
For difference of Log. 654,157, read ©51,109- . 


» for (in p. 556), read (in p. 532) | 
» for two, read too | 


or feet, read grains 


For 13358, 5. read 13558, 5. | 


4. from the bottom, for and not all” read and not at all“ 
16 and 17. for (as the millers term it when no Iron is concerned) rea (as the 
millers term it) where no iron is concerned 


_ 
3 


5875 


= our 
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Page Line 
587, in the 2d col. againſt 19,90, for 12337,0, read 12377,8 
20,70, for 11350,0, read 11350,8 
588, 30,40, for 1236, 6, read 13306,0 


in the laſt col. for 81,0, read 81,8. 
599%, 2. for uppermoſt, read approximate 
In plate XI. Iſt col. of the table of the , and fides of the A' for End of the baſe 1. 2. 
read End, of the baſe, 1. 2. 
In the imall ſcale of feet at the fide of the ſection of the mountains for 1 500, na 
15000 feet. 
608, 3. for July, read Auguſt 
62%, 4. from the bottom for 159, read 152 
642, 13. fer piſtons were, read piſton was 
658, 10. for plate XVI. read plate XV. 
65:, 5. for plate XVII. read plate XVI. 
683, 15. ter inverſe, i»/ert ratio, 
685, 5. a point after unaltered. Aud for but that in, read But in. 
705, Tab. IV. gth experiment, column 13259 to 152, for 9,14350, read 951455 
7 36, At the end of the note, far Barometer, read Barometers 
777, 1774. December 10, weight of quickſilver to air, for 11445, read 10444. 
781, 13th Station, obſerved ſuperior barometer, for 25,591, read 25, 961 
785, 3d Obſervation at Belmont Caſtle, inferior equated barometer, /or 29, 64 
read 29,004 | 
819, 7. fer were the ſhort, read were ſhort 
gal, 5. for 15 read 16. 
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G ENTL EME N, 


T was with equal truth and modeity obſerved by our 
moſt worthy brother the Reverend Dr. BRADLEY, in 
his celebrated Paper concerning the apparent motion of 
the fixed ſtars and the cauſes of that deception, hat tbe 
great exadineſs with which inſtruments are now conſtructed 
hath enabled the aſtronomers of the preſent age to diſcover 
ſeveral changes in the pojition of the heavenly bodies, which, 
by reaſon of their ſmallneſs, had eſcaped the notice of their 
predeceſſors'®. And indeed it was upon this liberal prin- 
ciple, the embracing of every aſſiſtance which could be 
advantageous to their inſtitution, that this Society, from 
their foundation to this day, have cheriſhed the mecha- 
nical arts; nay, have often affociated thoſe artiſts that 
had invented or perfected inſtruments eminently condu- 
cive to the advancement of natural knowledge, 


(a.) Phil. Tranſ. vol. 45. 
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It is a merit of this kind, I would ſay a ſignal mecha- 
nical improvement, which your Council have thought 
proper at this time to diftinguith; and they have accord- 
ingly empowered me to announce to you, on-this day of 
your annual ſolemnity, that they have adjudged the 
prize- medal, founded on the benefaction of Sir GoprRET 
CoPLEY, Baronet, to Mr. JohN Mupct of Plymouth, 
Fellow of this Society, on account of his valuable Paper 
containing directions for making the belt compoſition for 
the metals of reflecting teleſcopes, together with à de- 
ſcription of the proceſs for grinding, poliſhing, and giv- 
ing the: great ſpeculum the true parabolic form'®. Nor 
do they doubt (conſcious as they are of their zeal for the 
honour of the Society, and of their attention to their 
duty) of obtaining your wonted approbation, when they 
ſhall have laid before you the reaſons which moved them 
to put this mark of diſtinction upon that communication, 
amidſt a number of others“ very deſerving of praiſe. 


But before I enter upon thoſe conſiderations, allow me 
briefly to recall to your memory ſome particulars concern- 


(b) Phil. Tranſ. vol. 67. part 1. 
(c) The encouragement of experimental improvements, it may be obſerved, 
was the main object of the inftitution of Sir GoprREXY CoPLEy's medal. 


ing 
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ing the invention of reflecting teleſcopes, the ſubſequent 
improvements of theſe inſtruments, and the ſtate in which 
Mr. MuDGEt found them when he firſt ſet about work- 
ing them to a greater perfection, than was attainable ei- 
ther by the methods which the artificers thought proper 
to divulge, or the directions that had been given by 
learned writers on that ſubject. Thus you will have 
under your view ſufficient materials to judge of the me- 
rits of his performance, and of the equity of your Coun- 
cil in decreeing theſe honours to him. 


It muſt be acnotoledged (ſays Dr. SMITH in his Com- 
plete Syſtem of Optics) hat Mr. JaMEs GREGORY of 
Aberdeen was the fit inventor of the reflecting teleſcope; 
but bis conſtruction is quite different from Sir Is aac NEW 


TON's, and not nearly ſo advantageous'®, 


But, with much deference to ſo reſpectable an author, 
and with all regard to the fame of GREGOR, let us not 
forget to do juſtice to MERSENNUs, by acknowledging 
him to be the man who is entitled to the credit of having 
entertained the thought of a reflector. A teleſcope 
with /pecula he certainly propoſed to the celebrated DEs- 
CARTES many years before GREGORY's invention, though 


d) Remarks upon Art. 24. 
5 indeed 


1 
indeed in a manner ſo very unfatisfactory, that DESsc ARTS, 
who had given particular attention to the improvement 
Of the teleſcope, was ſo far from approving the propoſal, 
that he endeavoured to convince MERSENNus of its fal- 
lacy”. Dr. SMITH, it appears, had never peruſed the two 


letters of DEsCARTES to MERSENNUS which briefly touch 
on that ſubject. 


Again, as to his aſſertion ht GREGORY's conſtruction 
cbas not nearly ſo advantageous as NEWTON'S, it may be 
accounted for from his having ſet it down early 1n the 
-compoſition of his work, and forgetting to qualify it 
afterwards, when, before the publication, he had received 
pretty ſure information to the contrary. Or perhaps he 
was influenced by the example of Dr. BRADLEY, who | 
had been a moſt ſucceſsful obſerver, and yet had always | 
preferred the NEWTONIAN teleſcope to the other. But if 
Jong experience 1s allowed to be the final arbiter in ſuch 
matters, we muſt adjudge the ſuperiority to the latter, as 
that is now, and has been for ſeveral years paſt, the only 
inſtrument of the kind in requeſt, 


(e] Lettres de DE$CARTEs, tome 2. printed at Paris in 1657, lett. 29. and 
32. See this point diſcuſſed by two learned and candid authors, M. LE Rot 


in the Pncyclopedie, under the article Teleſcope; and M. MonTUCLA in Hift. 
des Mathem, tome 2. p. 643. 


GREGORY, 
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GREGORY, a young man of an uncommon genius, was. 
jed to the invention, in ſeeking to correct twe imperfec- 
tions of the common teleſcope; the firſt was its too great 
length, which made it leſs manageable; the ſecond, the 
incorrectneſs of the image. Mathematicians had demon- 
ſtated, that a pencil of rays could not be collected in a 
ſingle point by a ſpherical lens; and alſo, that the 
image tranſmitted” by ſuch a lens would be in ſome de- 
gree incurvated. Theſe inconveniences he. believed 
would be obviated by ſubſtituting for the object-glaſs a 
metallic ſpeculum, of a parabolic figure, to receive the 
image; and to reflect it towards a ſmall ſpeculum of the 
fame metal: this again was to return the image to an 
eye-glaſs placed behind the great ſpeculum, which for 
that purpoſe was to be perforated in its centre. This 
conſtruction he publiſhed in 1663, in his Optica Promota, 
a work which in every reſpect doth honour to the au- 
thor. But as GREGORY, as he himſelf declares, was en- 
dowed with no mechanical dexterity, nor could find any 
workman capable of realizing his invention, after ſome 
fruitleſs attempts in that way, he was obliged to give up 
the purſuit: and probably, had not ſome new diſco- 
veries been made in light and colours, a reflecting tele-- 


{cope would never more have been thought of, conſi- 
dering 


121 

dering the difficulty of the execution, and the ſmall ad- 
vantages that could accrue from it, deduceable from the 
principles of optics that were then known. 


But NEw TON, whoſe happy genius for experimental 
knowledge was equal to that for geometry, and who to 
theſe talents, in a ſupreme degree, joined patience and 
mechanical abilities; NEWTON, I ſay, thus accompliſhed, 
happily interpoſed, and ſaved this noble invention from 
well-nigh periſhing in its infant-ftate. - He likewiſe at 
an early period of life had applied himſelf to the im- 
provement of the teleſcope, but imagining that Ggz- 
GORY'S /Þecula were neither very neceſſary, nor likely to 
be executed, he began with proſecuting the views of 
DE&SCARTES, who aimed at making a more perfect 
image of an object by grinding lenſes, not to the figure 
of a ſphere, but to that of one of the comic ſections. Now 
whilſt he was thus employed, three years after Gkz- 
GoRY's publication, he happened to take to the examina- 
tion of the colours formed by a priſm, and having by 
the means of that ſimple inſtrument made the ever-me- 
morable diſcovery of the diferent refrangibility of the 
rays of 1i2ht, he then perceived that the errors of tele- 
ſcopes, ariſing from that cauſe alone, were ſome hundred 


times greater than fuch as were occaſioned by the ſpheri- 
cal 


WAS ; 

cal figure of lenſes. This circumſtance forced, as it were, 
NEwro to fall into GrREGORY's track, and to turn his 
thoughts to reflectors. The diferent refrangibility of the 
rays of light (ſays he, in a letter to Mr. OLDENBURG, 
{ſecretary to this Society, dated in February, 1672) made 
me take reflections into con/ideration, and finding them re- 
gular, ſo that the angle of reflection of all ſorts of rays was 
equal to the angle of incidence, I underſtood, that by their 
mediation optic inſtrumenis might be brought to any degree 
of perfection imaginable, provided a refleftins ſubflance 
could be found which would boliſb as finely as glaſs, and re- 
fect as much light as glaſs tranſmits, and the art of com- 
municating to it a parabolic figure be alſo obtained. 
Amidſt theſe thoughts I was forced from Cambridge by the 
intervening plague, and it was more than two years before 
I proceeded further”, 


It appears then, that if NEwWTON was not the firſt in- 
ventor of the reflecting teleſcope, he was the main and 
effectual inventor. By the force of his admirable genius 
he fell upon this new property of light, and thereby 
found that all lenſes, of whatever figure, would be at- 
fected more or leſs with ſuch priſmatic aberrations of the 
ravs as would be an inſuperable obſtacle to the pertection 


% Phil. Tranſ. n. 80. 
B of 


1 
of a dioptric teleſcope. Here was (if I may uſe the ſimi- 
litude) a diſorder inherent in the conſtitution of this in- 
ſtrument, which NEwrToON, like a wiſe phyſician, pene- 
trated into, and, by underſtanding the nature of the diſ- 
eaſe, was led to the remedy; one indeed that had been 
deviſed before, but for a different and a lighter ailment, 
and withal of ſuch difficult compoſition, that the con- 
triver of it himſelf had not been able to prepare it. 


It was towards the end of 1668, or in the beginning 
of the following year, when NEwToON being thus obliged 
to have recourſe to reflectors, and not relying on any ar- 
tificer for making his /pecv/a, ſet about the work him- 
ſelf, and early in the year 1672 completed two ſmall re- 
flecting teleſcopes. In theſe he ground the great ſpecu- 
lam into a ſpherical concave; not but that he approved 
of the parabolic form propoſed by GREGOR, though he 
found himiſelf unable to accompliſh it. In the letter that 
accompanied one of theſe inſtruments which he prefented 
to the Society, he writes, hat though he {ben deſpaired of 
performing that work (to wit, the parabolic figure of the 
great ſpeculum) by geometrical rules, yet he doubted not 


but that the thing might in ſome meaſure be accompliſhed 
by mechanical devices'*. 


(g) Phil. Tranſ. n. $1, 
4+ Not 
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Not leſs did the difficulty appear to find a metallic 
ſubſtance that would be of a proper hardneſs, have the 
feweſt pores, and receive the ſmootheſt poliſh : a diffi- 
culty in truth which he deemed almoſt unſurmountable, 
when he conſidered that every irregularity in a reflecting 
ſurface would make the rays of light ſtray five or ſix 
times more out of their due courſe, than the like irregu- 
larities in a refracting one. In another letter, written 
ſoon after, he tells the ſecretary, hat be was very ſenfible 
that metal reflects leſs light than glaſs tranſmits; . . . but as 
he bad found ſome metalline ſubſtances to be more ftrongly 
reflective than others, to poliſh better, and to be freer from 
tarniſhing than others, ſo be boped that there might in time 
be found out ſome ſubſtances much freer from theſe incon- 
veniences than any yet known®, Meanwhile here was, 
as I ſaid, another ſtop; and the more diſcouraging, as it 
was not, like the former, to be removed by mechanical 
devices, nor even by any chemical principle that had 
been diſcovered, That want could only be ſupplied by 
making repeated trials; nay, I may ſay, as it were for- 
tuitouſly. NEwTON therefore laboured till he found a 
compoſition that anſwered in ſome degree, and left it to 
thoſe who ſhould come after him to find a better. The 


) Phil. Tranf, n. 82. 
B 2 induſtry 
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* 
induſtry of Mr. Mupok has been aiding to that of Sir 
Isaac NEWTON; and the happy aſſiſtant of that great N 
man has been ſo candid as to acknowledge, that chance 
did ſave him much trouble, by furniſhing him with a 
metallic mixture, which he had reaſon to believe was 
fitter for the purpoſe than any that had been uſed before, 
either publiſhed, or concealed from the public. 


NEwro having, with his teleſcope, communicated to 
the Society a full and ſatis factory account of its conſtruc- 
tion and performance, he received from your illuftrious 
predeceſſors ſuch thanks as were due to ſo curious and 
valuable a preſent. And HUuYGENns, one of the greateſt 
geniuſes of the age, and himſelf a diſtinguiſhed im- 
prover of the refractor, no ſooner was informed by Mr. 
OLDENBURG of the diſcovery than he wrote in anſwer, 
that it was an admirable teleſcope; and that Mr. NEw- 
TON had well conſidered the advantage which a concave 
ſpeculum had above convex glues in collecting the parallsl 
rays, which according to his own calculation was very 
great. Hence that Mr. NEWTON could give q far great; 
aperture to that ſpeculum than to an object-glaſs of ive 
{ame diflance of focus, and conſequently much more mag- 
nify in bis way than by an ordinary teleſcope. Beſides, 
that by the reflector be avoided an mconventience inſepara- 

ble 


* 1 
ble from obje&-glaſſes, which was the obliquity of both thei 
ſurfaces, which vitiated the refraction of the rays that paſs 
towards the fides of the glaſs, and did more hurt than men 
were aware of. Again, that by the mere reflection of the 
metalline ſpeculum there were not ſo many rays loſt as in 
glaſſes, which reflected a conſiderable quantity by each of 
their ſurfaces, and beſides intercepted many of them by the . 
obſcurity of their matter. . . . . That the main buſineſs would 
be, to find a matter for this ſpeculum that would bear as 
good and even a poliſh as glaſs. Laſily, he believed that 
Mr. NEWTON had not been without conſidering the advan- 
tage which a parabolic ſpeculum would have above a ſpheri- 
cal one in this conftruciion; but had deſpaired, as he him- 
ſelf had done, of working other ſurfaces than ſpherical ones 
with due exatzneſs'). HuvGEtns was not ſatisfied with 


thus expreſſing to the Society his high approbation of 
the late invention, but drew up a favourable account af 
the new teleſcope, which he cauſed to be publiſhed in 
the Journal des Scavans, of the year 1672, and by that 
channel it was ſoon known over Europe. 

But how excellent ſoever the contrivance was; how 
well ſoever ſupported and announced to the public; yet 
whether it was that the artiſts were deterred by the dif- 


(i) Phil, Tranſ. n. 81. 
ficulty 
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. ficulty and labour of the work, or that the diſcoveries 
even of a NEWTON were not to be exempted from the 
general fatality attending great and uſeful inventions, 
the making a flow and vexatious progreſs to the authors; 
the fact is, that, excepting an unſucceſsful attempt 
which the Society made by employing an artificer to 
imitate the NEWTONIAN conſtruction, but upon a larger 
ſcale, and a diſguiſed GREGORIAN teleſcope, ſet up by 
CASSEGRAIN abroad as a rival to NEwToN's, and that in 
theory only (for it never was put in execution by the 
author 0) no refleftor was heard of for nearly half a 
century after. But when that period was elapſed, a re- 
flecting teleſcope was at laſt produced to the world of the 
NEwTONIAN conſtruction, which the venerable author, 
ere yet he had finiſhed his much diſtinguiſhed courſe, 
had the ſatisfaction to find executed in ſuch a manner, 
as left no room to fear that the invention would longer 
continue in obſcurity. 


This memorable event was owing to the genius, dex- 
terity, and application of a gentleman of this Society, 
Mr. HADLEY, the inventor of the reflecting qua- 
drant, another moſt valuable inſtrument. The two tele- 
ſcopes which NEWTON had made were but fix inches 


(4) Compare MonTucLa, Hift, de Mathem. 2 t. p. 647. 
long, 


jong, were held in the hand for viewing objects, and in 
power were compared to a ſix- feet retractor; whereas 
HADLEY's was above five feet long, was provided with a 
well-contrived apparatus for managing it, and equalled 
in performance the famous aerial teleſcope of Hurcens, of 
123 feet in length. Excepting as to the manner of making 
the ſpecula, we have in the Tranſactions of 1723 a com- 
plete deſcription, with a figure, of this teleſcope, toge- 
ther with that of the michine for moving it; but, by a 
ſtrange omiſſion, NEwToON's name 1s not once mentioned 
in that Paper, ſo that any perſon not acquainted with the 
hiſtory of the invention, and reading that acconnt only, 
might be apt to conclude that HaDLEY had been the ſole: 
contriver of it. But other Papers in the {ame volume, 
beſides the minutes of the Society, clearly ſhew that this. 
worthy member meant nothing leſs than to arrogate to 
himſelf any merit in this performance that properly be- 
longed to NEWTON. 


It is known that the ſame celebrated artiſt, after finiſh- 
ing two teleſcopes of the NEWTONIAN conſtruction, ac- 
compliſhed a third in the GREGORIAN way; but, I ſhould 
judge, leſs ſucceſsfully, by Dr. SmiTH's declaring ſo 
ſtrongly in favour of the other. Mr. HADLEY was not 


leſs communicative than he was ingenious, being ever 
ready 


3 

ready to impart his lights to others; in particular we are 
informed; hat be ſpared no pains to inſiruci Mr. Mol x- 
NEUX and the Reverend Dr. BRADLEY; and that when 
tho/e gentlemen had made a ſufficient proficiency in the art, 
being deſirous that theſe teleſcopes ſhould become more pub- 
lic, they liberally communicated to ſome of the principat 
inſftrument-makers of this city the knowledge they had ac- 
auired from bim“. Now ſuch ſcholars, as it is eaſy to 
imagine, ſoon advanced beyond their maſters, and com- 
pleted reflectors by other and better methods than what 


had been taught them. 


Certain it is, at leaſt, that Mr. JaMEs SHORT, as early as 
the year 17 34, had ſignalized himſelf at Edinburgh by his 
work of this kind. The excellent MAcLAURIN, my dear 
departed friend, wrote that year to Dr. JURIN, hat Mr. 
SHORT, who had begun with making glaſs ſpecula, was ther, 
applying himſelf to improve the metallic; and that by taking 
care of the figure he was enabled to give them larger 
apertures than others had done; and that upon the whole 
they ſurpajjed in perfection all that he had ſeen of other 
workmen. He added, that Mr. SHORT's Zele/copes were all 
of the GREGORIAN confiruction; and that he bad much 111- 
proved that excellent invention. This character of 


(1) SM1TH's Syſt. of Opt. b. 3. ch. 2. (mn) Ibid, Rem. on Art. 489. 
I excellence 


. 

excellence Mr. SHORT maintained to the laſt, and with 
the more facility as he had been well grounded both in 
the geometrical and philoſophical principles of optics, 
and upon the whole was a moſt intelligent perſon in 
whatever related to his profeſſion. It was ſuppoſed he 
had fallen upon a method of giving the parabolic figure 


to his great ſpeculum; a point of perfection that GxeGoRY 


and NEWTON had wiſhed for, but deſpaired of attaining; 
and that HaDLEY had never, as far as we know, at- 
tempted, either in his NEWTONIAN or GREGORIAN tele- 
ſcope. Mr. SHoRT, I am well informed, ſaid he had ac- 
quired that faculty, but never would tell by what pecu- 
liar means he effected it; ſo that the ſecret of working 
that configuration, whatever it was, as far as it then ap- 
peared, died with that ingenious artiſt, 


It is Mr. Mupox therefore who hath truly realized the 
expectation of Sir Is AAc NEWTON, who, above an hun- 
dred years ago, preſaged that the public would one day 
poſſeſs a parabolic ſpeculum, not accompliſhed by ma- 
thematical rules, but by mechan ical devices. 


This was a deſderatum, but it was not the only want 
ſupplied by our worthy brother: he has taught us like- 
wiſe a better compoſition of metals for the /pecria, how 
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to grind them better, and how to give them a finer 
poliſh; and this laſt part (namely the poliſh) he remarks 
was the moſt difficult and effential of the whole opera- 
tion. In a word, I am of opinion, there 1s no optician in 
this great city (which hath been ſo long and ſo juſtly re- 


nowned for ingenious and dextrous makers of every kind 
of mathematical inſtruments) ſo partial to his own abili- 
ties as not to acknowledge, that however ſome parts of 
the mechanical proceſs now diſcloſed might have been 


known before by individuals of the profeſſion, yet that 
Mr. MupGE hath opened to them all ſome new and im- 
portant lights, and upon the whole hath greatly improved 
the art of making reflecting teleſcopes. 


To enter into the detail of the devices (to uſe N- 
ToN's expreſſion) by which Mr. MUDGE hath arrived at 
the true parabolic figure, as well as at the other perfections 
of this inſtrument, would encroach too much on your 
time; and I may add, would not be altogether ſuitable to 
the preſent occaſion. I have laid before you the ſum of 
what he hath performed, and declared to you the opinion 
of your Council, that without his interpoſition the nicety 
of the art was in danger of being loſt; or at beſt of being 
kept in the hands of thoſe who were not likely to make 
it public. The character which Mr. Mopo bears for 

integrity 


FD «a 
integrity would leave us no room to doubt of his being 
himſelf perſuaded, that he hath in every point brought 
the great ſpeculum of reflecting teleſcopes to that degree 
of perfection which he profeſſes; but as authors and im- 
provers, hike parents and preceptors, can rarely diveſt 
themſelves of too partial a fondneſs for what is their 
own, or amended by them, it will be ſatisfactory for you 
to know, that ſome of our brethren, the moſt intelligent 


in theſe matters, have frequently diſcourſed with Mr. 


MUDGE upon this ſubject, have ſeen him at work upon 
the /pecul/a; nay, have examined two reflecting teleſcopes 
(the one of 18 inches, the other of 22) completed by 
him; and that they are confident he hath by no means 
exaggerated either what he hath recovered to the body 
of arts, or what he hath added to it. 


Need I now ſet forth the merit of aſcertaining and ad- 
vancing the conſtruction of the reflecting teleſcope, to an 
Audience ſo well apprized of its value? To you who 
know that of all inventions there are none ſo juſtly en- 
titled to our admiration as thoſe which have been fallen 
upon for enlarging the powers of viſion; and that the 
diſcovery of optical inſtruments may be eſteemed among 
the moſt noble as well as among the moſt uſeful gitts 


which the ſupreme Artiſt hath conferred on man? For all- 
C 2 admi- 


2 
admirable as the eye came out of the hands of Him who 
made it, yet no organ of the animal frame hath He per- 
mitted ſo much to be aſſiſted by human contrivance, not 
only for the uſes and comfort of common life, but for 


the advancement of natural ſcience; whether by giving 
form and proportion to the minute parts of bodies (as it 


were to the atoms of nature) imperceptible before; 


or by contracting ſpace, and, as by magic art, bringing 


to view the grander objects of the univerſe, whoſe im- 


menſe diſtances had either diſguiſed their aſpect, or 


rendered them quite inviſible! 


If PLINY, in regard to HIPPARCHUs, could extrava- 
gantly ſay, Auſus rem Deo improbam annumerare poſteris 


/tellas! what would that pompous hiſtorian. of nature 


have ſaid, had it been foretold him, that in the latter 
days a man would are, who ſhould. enable poſterity to 
enumerate more new ſtars than HiePARCHUs had counted 
of the old; nay, who ſhould in a manner verify the vul- 
gar notion of their being innumerable! who ſhould 
aſſign four Moons to Jupiter, and in our Moon (ſuppoſed 
by many to have a ſmooth and polithed ſurface) point 
out higher mountains than any here below! who ſhould 
in the Sun, the fountain of light, diſcover dark {pots as 


broad as two quarters of the earth, and by theſe ſpots 
aſcertain 
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aſcertain his motion round his axis! who by the varying 
pha/es of the planets ſhould compoſe the ſhorteſt and 
plaineſt demonſtration of the truth of that fyſtem, till 
then the greateſt of paradoxes, which ſuppoſed the 
earth and planets revolved about that luminary I 
Yet theſe were but a part of the annunciations to the 
world of a ſingle perſon, of GalLILEO of unperiſhing 
memory! To him his contemporary, and rival in fame, 
Lord Bacon aſcribed the invention of the per/picilla 
(for ſo they called at firſt the teleſcopes) and in a figura- 
tive ſtrain thus expreſſed himſelf concerning them: Vito 
theſe (perſpicilla) which GALILEO by a memorable effort 
of genius hath diſcovered, we are enabled, as with ſome 
ſmall ſailing veſſels, to open and keep up a nearer commerce 
with the flars'®. 


Nor did this celeſtial commerce ceaſe with the acqui- 
ſitions of GALILEO, but hath been extending ever ſince 
the time that that great man firſt turned his glaſſes to 
the heavens. The famous KEPLER, on the firſt notice, 
embraced the diſcovery, and in 161 1, the year following 
the Sidereus Nuncius of GALILEO, publiſhed a treatiſe of 
dioptrics, geometrically explaining the performance of 


(n) GALI1LE1 Sidereus Nuncius, ſpar/im. 
(% Que (perſpicilla) memorabili conatu adinvenit GALILEUS, &c. Nov, 
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the perſpicilla, and propofing ſome proper improve- 
ments of them. Then came SNELLI1Us, DESCARTEs, and 
other celebrated geometricians abroad, who applied 
themſelves to optics, and ſucceſsfully cultivated that 
fruitful branch of ſcience. But whilſt at that period, in 
different parts of Europe, men of the firſt rank in mathe- 
matical ſtudies ſeemed to vie with each other in promo- 
ting not only the theory of viſion, but the mechanical 
practice of the inſtruments appertaining to it, and parti- 
cularly the teleſcope; how did it happen, that in this 
country, in the laſt century, which had ſo auſpiciouſfly 
begun with the lights derived from Lord Bacon and Dr. 
HARVEY, we ſhould afterwards find few traces of any at- 
tempt in that way earlier than the eſtabliſhment of this 
Society? Of this pauſe in the courſe of your philoſophi- 
cal diſcoveries, the diſtracted ſtate of theſe kingdoms, 
under a long civil war, was indubitably the occaſion. For 
no {ſooner had we ſheathed the bloody ſword and diſplayed 
the peaceful olive, than arts and ſciences again ſprang 
forth, and with ſo much vigour, that the advancement 
made in theſe lands, ſince that epoch, in optics alone, 
may be conſidered as one of the nobleſt exertions 
of the human genius. Not to contend for a gene- 
ral {uperiority in the publications here on that ſabject 
ſince the time that GEGORx entered firſt into that grand 
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career, to ſilence all competition I need but mention the | 
Theory of Light and Colours; a piece ſo excellent for 1 
invention, for judgment in conducting experiments, and 
for drawing the proper concluſions from them, that had 
it been NEwTON's ſingle work it would not only have done 
laſting honour to himſelf, but to the country that gave 
him birth. And as to the inſtruments, which of them, 
let me aſk, hath not been either found out, or ſignally 
improved among you? Or what nation is there that hath 
embraced the arts, and doth not value itſelf on poſſeſſing 
every piece of this kind of Britiſh workmanſhip. The 
reflecting teleſcope I may call wholly yours, both as to 


the original contrivance and every ſtep of its advance- 
ment: nay, from its revival by Mr. HaDLEr to this day, 
a ſpace of nearly threeſcore years, we have heard of no 
artiſt, out of this iſland, who hath been able tolerably to 
copy, much leſs to add to this ſplendid invention. 


What acknowledgements then, GENTLEMEN, do we: 
not owe to our worthy brother, who for above twenty 
years paſt, in the uncertain intervals of a toilſome and 
anxious profeſſion, hath unbent his mind, not in the pe 
riſhing recreations of the world; but in inveſtigating, 
with unremitting diligence, what had been done but con 


cealed by others, and in making many ſucceſsful expe- 
riments 
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Fiments towards perfecting g this inimitable inſtrument 


A liberal account of theſe leifare hours he hath laid be- 
fore you in his inſtructive Paper: a communication, I am 
perſuaded, that will not only preſerve but ſignalize his 
name in your records, amon g the very intelligent and 
ingenuous promoters of the * ends of your inſti- 
tution. 


— 
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